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Section 1

INTRODUCTION

The purpose of this guide is to train personnel to use the MAESTRO system. The
MAESTRO system is a mission analysis tool designed to present o the user
information necessary to make the various decisions required in the design and
execution of a spaceflight mission., The system was designed so that it can be used
in both the pre-launch missgion i)lanning phase of a mission and during the flight

as an in-flight decision making tool., The MAESTRO system can be divided into

the following mission analysis modes:

1. Trajectory propagation mode

2, Retro-fire determination mode

3. Midcourse analysis determination mode
4. Monte Carlo mode

5, Verification mode

6.  Orbit Stability mode

7. Post injection trim mode

A description of each of the above modes is presented in reference 1, The potential
user should first read this reference to understand the operation of the mode of

interest before he attempts use of the program.,

The guide has a section devoied to each program mode. Each of these sections con-
tains a description of the inputs necessary to run the program mode along with a sample ‘

case,

The author hopes that this guide is complete enough so that a new MAESTRO user will
experience an absolute minimum training period before he is a competent user. Good

luck with MAESTRO,



Section 2
INPUTS

Inputs to MAESTRO are made via cards. The input cards are read by MAESTRO's
input editor which in turn loads the input data into the proper common list, The
format of the input cards is shown in Table 2.1, "LOC" is the location number of '
the data in the "FIELD" portion of the card, Three groups can be placed on each
ecard. The value in "LOC" corresponds to the location in the input array where the
data in "FIELD" is to be stored., A value of LOC greater than 2000 denotes that the
input corresponds to the gravity model, In this case, the data is not stored in the

input array.

A deseription of the entire input array in shown in Table 2.2, This table describes
each of the input locations between 1 and 1099 and presents its default value. It is
envisioned that this table will be used as a reference. Other tables that detail which
inputs are necessary for the individual modes are presented in the following sections,

A description of the 2000 series inputs is presented in the next section,

The input editor has case capability. This capability affords the user 2 means of
| submitting several runs at one time with a minimum of inputs., Inputs which are

not changing from run to run should be loaded into the first case. This is the first
block on input cards. Data changing from run t§ run are loaded into cases, A

blank card separates the cases, A run is comprised of all the data read in until

a blank card is encountered. If the same location number appears more than once,
the value read in last will be used. For example, if it were desifed to fly two trans-
lunar trajectories which were exactly the same except with different compute intervals,
then all of the data defining the trajectory and the first compute interval should be
placed first, followed by a blank card. The second case would follow the blank card,
This case would only consist of the dafa defining the second compute interval. A

submittal can have as many cases as desired.

There are two important points to note. First, there should not be a blank card at
the end of the last case. Second, many locations in the input array are initialized
inside the program, If a pre-initialized location is input' via cards, the pre-initialized

value is lost for all subsequent cases.



Card Column

1

2-6

7-21

22-26

27~41

42-46

47-61

TABLE 2.1

FORMAT OF INPUT CARD

Description
Space

Loc 1, location in the input array,
right justified

Data to be entered in the Loc 1 location
of the input array using D 15,9 format

Loc 2, location in the input array,
right justified

Data to be entered in the Loc 2 location
of the input array using D 15,9 format

Loc 3, location in the input array,
right justified

Data to be entered in the Loc 3 location
of the input array using D 15.9 format



TABLE 2,2

MAESTRO INPUT ARRAY*

FORTRAN PRESET
LOCATION SYMBOL USE***  VALUE DESCRIPTION
ERRC I Error control for automatic integration
B step size. If =0 assume in fixed-step
mode,
, Initial computer step when in automatic
DELTO I - mode, Note: Need not be input when
' fixed-step.
DEILMN I _ Minimum c?m?ute interval. Note: Not
necessary in fixed-step mode.
TF I ** Run stop-time.
Unit conversion factor for positions., The
value is determined such that, when PC
multiplies the input units, they will be
1.0
PCON 1 converted to KMS, The output units will
be scaled by 1/PCON so that the output
units will be the same units as input.
VCON 1 1.0 Used the same as PCON except that
velocities are scaled to KM/SEC.
EMPTY
Corrector convergence tolerance in
twelfth-order predictor-corrector
TOL 1 0.0 integration scheme. Values used depem'
on the accuracy requirements. They
range from 10" to 1077,
EMPTY

* unless otherwise stated, the units of the input quantities are: KM, SEC, KG,degrees

** preset value depends on'program operating mode

kK

Q8 »

integration

approach analysis
midcourse analysis

V  Midcourse verification
L Lifetime analysis
P Post-injeection trim

Monte Carlo analysis



FORTRAN PRESET

1LOCATION SYMBOL, USE VALUE DESCRIPTION
10-12 TMETH(3) I ** Times for method table. See KMETH
(location 1036) for description.
13-19 EMPTY
20 KXMOKL
21 DAYL _
22 YRL '
- h .
93 HRL 1 Launch epoc
24 XMINL
25 SECL
26-29 EMPTY
30 Input initial conditions as orbital
31 elements. The order is a,e,f,uy i, Q.
32 The initial conditions may be accepted
33 ELM(6) I - as position and velocity vectors (see
34 locations 40-45). The coordinate system
35 is defined in KINPT (location 1019).
36 EMPTY _ _
37 DJIL Modified julian launch date. Not a program
input.
38 WTO I 331,40 Initial weight
Ephemeris time correction., If no input,
the ephemeris time correction will be
39 ETC 1 = calculated from ETC = 38.66 + .00259521DJ
where DJ is the number of days since
the julian date of 2440000.0,
40 Initial conditions as position and velocity
41 X(3) I - vectors or spherical coordinates. When
42 spherical coordinates are used the order
is velocity, flight path elevation angle,
43 flight path azimuth angle, radius, geocentri
44 DX(3) 1 _ latitude, geocentric longitude. The input
15 ' coordinate system is defined by KINPT
(location 1019) -
46 DJO Modified julian launch date. Not a
program input.
o RA . ' 1 - Initial right ascension and declination
in Earth equator and equinox of 1950
48 DEC 1 -



FORTRAN PRESET o
LOCATION SYMBOL USE VALUE DESCRIPTION
50 XMONO
51 DAYO Initial time
gi ;ﬁg I - Input is month, day and year,
54 MINO hour, min, second (GMT).
55 SECO
Upper right-hand triangle of the
tracking covariance matrix loaded across
the rows. Can be input in mean equator
and equinox of 1950 or in a local tangent
_ plane. Location 1085 determines the systejgg
56-76 cov Cl When mean of 1950 is used, the order is I
X,Y,Z,X,Y,Z. When local tangent plane is
input;the order is the position componentsg:
R, {RxV) x R, RxV and then the velocity l
components along the same axes.
77-99 EMPTY '
Gravitational coefficient. The order of t
- *kk
100-111 GM(12) I planets is defined in locations 1001-1012.
112-3123 RE{12) 1 k¥ Planetary radii.
124-135 WP(12) 1 *kk Planetary rotation rates
136-169 EMPTY
: Compute interval table when in fixed coml.
‘ interval mode, (loc (1) =0.).
170-179 TCOMP(10) I % Compute interval = BELT ()
when TCOMP (I-1)<T < TCOMP(I) or
180-189 D 10 **
8 ELT{10) ! Compute interval = DELT (1)
when T < TCOMP(1l). Complete compute
interval table must be loaded when
alterations are made to preset values.
190-192 XMPGN(3) L _ Initial position of Moon if osculatl.n'g
elements are used for Moon's position;
193-195 DXM@@N(3) 1 - Earth radii and Earth radii/mean solar (i,
196 TMM I - Moon's epoch in modified julian date.
- 2
197 SPRESS I 4,7(10) ®  golar pressure at 1 AU, dynes/cm

##% Sae Table 3.3 of User's Manual

T



FORTRAN PRESET

LOCATION SYMBOL USE VALUE DESCRIPTION
198 REFLK 1 0.2 Solar pressure reflectivity coelficient
199 EMPTY

Tabular thrust history of Motor 1.
TF1(20) are times since ignition and
F1(20) are the thrust values (newtons)
at the corresponding times. For the
RAE-B application, this motor is used
as the midcourse motor.

200-219 TFL20) - L,A,M,V  #x*
260-279 F1{20) LAM,V

i g, _ el [V N

220-239 TF2(20) 1 -
Thrust table for motor 2.
280-299 F2(20) I -
- 240-259 TF3(20) I - Thrust table for motor 3.
300-319 F3(20) 1 -

o Tabular weight flow rate for motor 1.
320-329 TWDOTL{10) I,A,M,V % TWDOT1 is the time past ignition and
WDOT is the flow rate at the corres-

- *kk
350-359 WDOTL(10) L A,M,V _ ponding time. The flow rate is in
" KG/sec.
330-339 .. TWDOT2(10) I - Flow rate table for motor 2.
360-369 WDOT2(10) I -
340-349 TWDOT3(10) I - Flow rate table for motor 3.
370-379 wWDOT3(10) = I -
'380-382 TIG(3) L,V - ' Ignition times for motors 1, 2 and 3.
383-385  TBO(3) 1,V - Burnout times for motors 1, 2 and 3.
386-399 EMPTY First 'dl ¢ trial votro firing
400 TFIREL A _ irst and last tria .re ro' iring time on
an approach analysis. Time reference

401 TFIRE2 A - to liftoff epoch. Used when KAPOPT =3

- _ . ‘ {(location 1055)
402 DTFIRE A - Increment in retro firing time.
403 RAQ. A - Initial right ascension and declination
404 DECO A _ used in the attitude sweep in the approach

analysis. If both zero, velocity vector
at elosest approach is used,

#*  See Table 3.3 7



FORTRAN PRESET
LOCATION SYMBOL USE VALUE DESCRIPTION
405 DELRA A - Increment in right ascension and
' declination in attitude sweep.

406 DELDEC A - Used when KAPOPT =2 or 3

407 EMPTY

408 CAR1 v 4.0095D8 Telemetry carrier frequency No. 1

409 CAR2 v 4,0D8 Telemetry carrier frequency No. 2

£10-419 OBSLON(10) A,M,V I Obse?vatlon site geocentric longitude
for sites 1-10,

420 PSIm(1) M 2338, Lunar radius ]

421 PSID(2) M 116.5 inclination w.r.t. target
planet equator. Midcourse I

422 PSID(3) M . 396D6 time of flight w.r.t. , analysis
Liftoff .

: desired en
423 PSID(4) M 0.62 Hyperbolic excess speed conditions
424 PSII{5) M 0.0 gircular excess speed j
425-429 PSID(6-10) M Empty

Impulsive velocity of engines 1 to 3.
: Used when KFM@N (location 1047) is set
430-432 DV(S)_ I - to 2. Velocities are added at ignition
times in location (380-382).
Area of the spacecraft used in solar ‘
433 SOLARA I 13560 pressure calculation, square centimeteri;
434 DELTMC M 7200, Increment in execution time
435 SIGATM C,M 0.7 One sigma pointing error during
midcourse maneuver.
438 SIGDVM C,M 0.02 One sigma percentage error of l]
' midcourse velocity. Loaded as percent/
437 SIGATR C 0.7 One sigma pointing error during retro.



FORTRAN PRESET

LOCATION SYMBOL  USE VALUE DESCRIPTION
' One sigma percentage error of
438 SIGDVR c 0.0003  oiro velocity. Loaded as percent/100.
439 TMC1 C 36000. Time of first correction
440 TMC2 C 324000. Time of second correction
441 ASPMC A,M,C 226.0 Mic_lcourse motor specific impulse
442 ASPR AM,C 282.5 Retro Motor specific impulse
443 WRETRO A,M,C 71.44 Ma ss of retro fuel
444 RO A,M,C,P 2838. Desired lunar orbit radius used in trim
) maneuver
‘ Circular velocity at RO. Program
445 ve AM,CP calculation, not to be input.
446 Cio A,M,C,P 116.5 Desired lunar oribt inclination w.r.t.
- ' lunar equator used in trim maneuver
447 BVD(1) M 6000, Desired B+ T M1d_course analy§1§
. desired end conditions.
. Used when IBTR flag
448 BVD(2) M 6000. Desired Bf R set to 1. (loc 1062)
. Tolerance band on inclination correction
. during post injection trim. If inclination
449 TRING M,C,P 0. change is less than TRINC, no inclination
adjustment is made.
450-459 TOUT(10) I TOUT(1)=  Print table
1.D20
Print interval = DTOUT(1) when
460-469 DTOUT(10) 1 DTOUT({l)= TOUT(I-1)< T < TOUT(I) or print
18000, interval = DTOUT(1) when T < TOUT(1)
470 ATFULA C - 6.0 Available attitude control fuel and constant
to determine attitude control fuel, KG/RAL
471 ATFUEL C 0.1678  Attitude fuel used = AFUEL * attitude
: : angle change,
472 FTOT C 20.4

Total midcourse fuel available



FORTRAN 'PRESET
TOCATION  SYMBOL USE VALUE DESCRIPTION
: - Retro drop weight. Weight dropped
473 WDROP A,M,C 13.77 after retro firing.
Cone angle used in approach analysis.
The attitude range is this cone angle
A . . ,
474 CONE » M 5.0 about the velocity vector or input attitude
when KAPOPT=1 (loc 1055). Also used
in midcourse fixed attitude scan.
True anomaly range for trial retro firingd®
in approach analysis, deg. Trial retro
475 TRUE AM C 20 firings are made from -True to +True
true anomaly on the approach hyperbola.
Used when KAPOPT =1, Also used as
firing range in retro optimization.
: Midecourse motor burn time. Used when
T -
4_76 BURNT A the intitial state is not obtained from a
477 EMPTY midcourse analysis.
478 TMC M 7200, Initial execution time
‘ " Secant partial step size in midcourse:
479 DINK M 0.0002 analysis also velocity increment when
using the fixed attitude mode.
480-489 OBSLAT(10) A,M,V *kx Observation site geocentric latitude
for sites 1-10
490 TOLLY M 10. B-T :
431 TOL(2) M 10. B-R _ Midcourse
492 TYL{3) M 10. time of flight Tosi
493 T¢L(4) M . 0001 hyperbolic excess speed analysis !
494 TPL(5) M . 0001 circular excess speed tolerances
495 TOL(6) M . 02 Total fuel optimization )
496 TOL(T) M 5. closest approach radius desired en
497 THL(8) M .2 inclination conditions
498-499 THL(O, 10) Empty |
Spheres of influence of the planets used
to determine the central planet. If the
distance from the planet is less than the
00-51 * Kk
500-511 RSWTCH(12) I value in RSWTCH the planet is the centr
' planet. If none of the planets are central,
then the Sun is considered central.
*#%* See Table 3.3 10



FORTRAN

PRESET
LOCATION SYMBOIL.- USE VALUE DESCRIPTION

512 RBURN A 20. Retro burn time

513 TCATST I 0. Time to begin closest approach
testing logic.

516 SPNRA I 12.0 Spin rate, RPM.

517 PTI 1 238.0 Initial‘midcourse motor tank
pressure, PSIA.

518 TPI I 20, Initial midcourse motor
temperature, °C.

519 FMC I 20.4 Current midcourse motor

: fuel, ke.

520 FMULT 1 1, Thrust multiplier.

521 WMULT I 1. Weight multiplier,

522 WDOTT M L0183 Midcourse motor weight flow used
with Hamilton Standard thrust in
midcourse targeting.

523 DTM M C. Compute interval during motor

11

burn in midcourse targeting.
Compute interval equals burntime
when value is zero,



LOCATION

FORTRAN PRESET
SYMBOL USE VALUE

DESCRIPTION

1001-1012

1013

1014

1015

10186

1017

1018

KP(12)

I - Bodies in system. Set to 1 if only
position is necessary, 2 if both
position and velocity are desired.
The order is as follows:

1001 MERCURY 1005 JUPITER
1002 VENUS 1006 SATURN
1003 EARTH 1007 URANUS

1009 PLUTO
1010 SUN
1011 MOON

1004 MARS 1008 NEPTUNE . 1012 ODDBALL

Note: 1003 =2, 1010 =1, 1011 = 2 are preset

METH

KINT

JL

ENGID

JMN

KOBLTE

I

12

Current trajectory propagation method,
Not a program input. )

Numerical Integration Scheme

3. 7th-Order Runge-Kutta
5. 12th-Order Multistep,
single step size only

Launch planet number,

Engine number of the retro motor.
Used in a MODE=1 analysis.

-

Lunar and solar ephemeris flag

1. Mean elements

2. Mean elements for Sun
Mean elements + lst~order
corrections for Moon

3. Ephemeris tape

4, Mean elements for Sun, osculating
elements for Moon (loaded in
locations 190-196)

5. Ephemeris tape using Goddard's
direct read feature

Set to 1 for Earth oblateness. Should be
set to 0 when 1029 = 3.



LOCATION

FORTRAN
SYMBOL

PRESET
USE VALUE

DESCRIPTION

10198

1021-1028

1029

1030

1031
1032

1033
1034

1435

1036-1038

KINPT

EMPTY

KOBL

KOUT

JT

KCRASH

EMPTY
JOCC

MODLEM

KMETH(3)

1 *

I *¥

ILL 1

1 Kk

13

Input coordinate system flag

1. Mean equator and eguinox of 1950

Mean equator and equinox of date

Mean ecliptic and eguinox of date

True equator and prime meridian

of launch planet’

True equator and equinox of date

True lunar equator and node.

7. Earth spherical, See location 40-50
of INPUT common

rtl‘-.uﬂ[\)

.

o W
. .

Set to the number of the planet in which
the gravitational field is to be simulated
using FIELD2. See location 1035,

If 1, output according to print table, If
zero, output only at beginning and end of
run. I -1, no output.

Target planet number
Closest approach flag

0 No closest approach test
1 Continue after closest approach
2 Stop on closest approach

Occultation flag, BSet to the planet
number where the observer is located.

Lunar gravity model flag

1 for Houston L1 model of Lunar field
2 for Earth JZ’JS’J4
3 for JPL 15 by 8 Lunar Field
5 zeroes initial field so new field can bhe
input
10 Used field set in last case

Trajectory propagation method

If T <TMETH(l) METH = KMETH()

If TMETH (I-1)<TC <TMETH()
METH = KMETH(I) :
TMETH is in location 10,

Cowell

Encke

NICE/True

NICE/Mean

Averaged Equations of 4
Multiconic, fixed stepsize only
Integrals e cos w, w+{

Eguations 7 are used in averaging

-

| -~ B W



LOCATION

FORTRAN
SYMEBOL

USE

PRESET
VALUE DESCRIPTION

1039-1040

1041
1042

1043

1044

1045
1046
1047

1048

1049

KOUTPT(2)

JRA
JDEC

KFIRE

MODE

KDYP

KAPOUT

KFMOD

KAPSAD

KSADOW

ALL

A

A

Outpit coordinate systems - Launch and
target planets

1, Mean equinox and ecliptic of date

2. True equator and prime meridian

3. Mean Earth equator and equinox of 1950
4, True Earth equator and equinox of date
5. No output

3,2

Number of right ascensions and

declination angles used in the attitude

sweep of the approach analysis. Must

15 be less than 16, Also used in midcourse
fixed attitude analysis.

10

20 Number of trial retro firing times on
approach analysis less than 20

Program mode

Fly to TF or closest approach
Approach analyses

Midcourse analyses
Montecarlo analyses
Midcourse verification mode
Lunar lifetime mode
Post-injection trim

@ e WD

¢ Set to one for doppler analysis

Set to one if retro firing time analysis
is to be output for each attitude

Thrusting mode

0 0 Tabular thrust / weight
2 Impulsive velocity
3 Hamilton Standard subroutine

1 Set to one for lunar orbit shadow
calculations during approach analysis,

Shadow calculation flag during trajectory

propagation:

0 No shadows determined,

1 Shadow time determined by interpolati
while numerically integrating trajectory.

2 Osculating orbit used to determine timeg,

14 Note: KSADOW=1 should not be used wheni

averaging.



FORTRAN PRESET
LOCATION SYMBOL USE VALUE DESCRIPTION

1050 MCOUT M 0 Extra output flag in midcourse analysis,

1. Outputs targeted solution from PROTO

2., Prints AV, constraint errors for each
iteration,

3. Prints jet iteration information along
with 2.

1051 JMC M 10 Number of midcourse execution times
simulated

Monte Carld description flag

i. retro only
2. midcourse and retro
1052 KMONTE C 2 3. two mideourses and retro

If negative, the first correction will be
calculated from the nominal assuming that
the tracking data is good.

1053 KMAX C 50 Sample size of Monte Carlo analysis.
1054 KSTART C 17 Random number starter.

Approach analysis option flag.

KAPOPT =1 Firings made between an
input range of true anomaly about perigee
on the approach hyperbola. The attitude
range is an input cone angle about the
veloeity vector at closest approach.

1055 KAPOPT A 1 KAPOPT =2 Tirings made from asymptote
to asymptote on the approach hyperbola,
The attitude range is input as initial right
ascension and declination, increment in
right ascension and declination, and number
of attitude angles, ‘
KAPOPT =3 Firings made between input
times. The attitude range is input as in 2,

If positive, Element set number, for MAESTR

1056 NGRAPH graphics data base. _
If negative, replace INGRAPHI element set.

Integer used to obtain initial conditions from

a midcourse analysis, KREAD corresponds
1057 KREAD AV - to the midcourse correction number desired,

If KREAD is zero, this option is ignored

and the initial state must be input,

1058 KOUT9 CLL ¥ Auxiliary peripheral output unit number

15



FORTRAN PRESET
LOCATION SYMBOL USE VALUE DESCRIPTION

Extra output flag. Used when KOUT9#0 "

.0, Orbital elements printed
~ 1. Position and velocity vectors
printed
2. BothO0and1

1059 . KTERM I, L 0

Input array write flag
1060 INPWT I 1 0 no write
' 1 write

1061 ‘MCUNIT AM,V 11 Unit number of auxiliary midcoursé
\ : output unit.

Miss vector option flag in Midcourse
Analysis

1062 IBTR M 2 1, Use B+T and B-R loaded in BVD

2. Use PSID(1) and PSID(2)

Midcourse guidance law

1. Minimum fuel

2. Fixed time of arrival

. Fixed target energy

. Variable target energy
Total fuel opﬁmiz'ation

10363 KGLAW M 2

Do W

1064 NGROPT M 1 Number of trials for which secant matrix
is recomputed in Midcourse Analysis.

1065 NT M 10 Number of trials allowed in Midcourse
convergence.

1066 JET M 1 If set, preliminary targeting will be done
in the Midcourse Analysis.

‘ Limiting factor in the Midcourse Analysis,
1067 MCLIM M 100 The midcourse correction is limited to
MCLIM * DINK (KM/SEC) on each iteratidt,

i



FORTRAN PRESET

LOCATION SYMBOL USE VALUE DESCRIPTION

1068 NORD I,L 6 Number of ordinates in averaging —
less than 16,

1069 INT L L 3 Number of intervals in averaging —
less than 16

1070 KPROB M 95 Cutput probability for midcourse
execution error. Second midcourse
execution time and errors are input
through locations 440, 435, and 436.
Negative or zero skips error propagation.

1071 IBURN M ] Trajectory propagation method during
finite burn of midcourse motor. Impulsive
calculations are used when set to zero.

1072 KROUT M,C 0 Extra output flag during retro optimiza-~
tion calculations.

1073 KORECT I 0 If set nonzero, the derivative at the
end of an integration step will not be
calculated.,

1074 KMTOUT C 0 Flag used to output initial state for
each sample in a Monte Carlo analysis,

1075 KMETHP M 6 Trajectory propagation method when
generating partial derivatives,

1076 IFIND All - Element set number of the anchor vector to
be transferred from the differential
correction program.

1077 KTF M 0 Flag used to determine the type of

17

Midcourse analysis,

= 0 COne-dimensional scan of midecourse
execution times

>0 Two-dimensional scan of midcourse
execution times and flight times. Flight
times are scanned in KTF one-hour steps
beginning at the desired flight time in
location 422, . s

<0 Two-dimensional scan of midcourse
execution times and midcourse impulsive
velocity. The impulsive velocity is
centered about value, loaded into 426 and
varied in ~KTF steps of size DINK
(location (479).



LOCATION

FORTRAN
SYMBOL

USE

PRESET
VALUE

DESCRIPTION

1078

1079

1080

1081

1082

1083

1084

1085

1086
1087

IVTI

KHIGH

NORMIN

NREV

KAPWT

NAPUNT

KSOLP

KCOV

IDATT

M

P,L

all

0

11

18

Overburn option key

0, in-plane retro antiparallel at
periapsis,

+1. wvariable inclination procedure
approaching above or below desired
inclination

+ 2, variable periapsis procedure cir-
cularizing in-plane before or after
periapsis.

Farthest approach flag., If set, furthest
approach will be found.

Retro optimization flag

0 in-plane at periapsis maneuver for
underburns, according to IVTI for
overburns

+1, optimize retro to trim inclination
in PROTO

2. Same as 1, but in TARGET also,

Number of revolutions the transfer orbit
completes before stopping at closest
approach in an approach analysis

Flag used to write information from the
approach analysis in an auxiliary unit, Tt
is set to the output unit number when the
option is desired,

Unit numbers where initial conditions
are stored from a previous approach
analysis on post-injection trim analysis.

Solar pressure flag,

0. mno solar pressure .

1, pressure in radial direction only
(s/c assumed to be sphere)

2. spacecraft assumed to be a cylinder
spinning along attitude vector.

Coordinate system of covariance matrix

0. mean Egquator and equinox of 1950
1, local tangent plane

Used in PEST version

Element set number of attitude file.
Used when attitude is to be input via
read from ADP,



FORTRAN PRESET

LOCATION SYMBOL USE VALUE DESCRIPTION

1088 NATUNT all i2 Unit number of attitude data,

1089 IDSAT all 1234567 Satellite identification number.

1090 INTT all 0 ' Initial line number of MAESTRO's
space allotted on the director’s display.
If INIT is zero, no writes are made on
the director's display. This option is
only used during real-time operations.

1091 KPIT P 0 Flag used to indicate post-injection
trim targeting. ‘

1092 ISET all 0 Element sef number when using sub-
routine PUTELS fo transfer state to
GTDS program.,

1093 KPLOT all 0 Set to the plot unit number when
plotting,

1094 NMCD LLL 0 Maximum number of zonals and

1095 NMOD ILL 0 tr:esserals used to define the gravity
field.

1096 Used in PEST version. _

1097 KATMOS I 0 Atmosphere drag flag. Set to 3 for
Earth Drag,.

1098 KASTRT all 0 Flag used to initiate start-up procedure
to obtain average elements from
osculating elements.,

1099 KTIST I 0 Flag used to determine thrusters used

19

in Hamilton Standard program

0 both thrusters
1 first thruster only
2 second thruster only



Section 3

TRAJECTORY PROPAGATION MODE

In this mode, MAESTRO is used as = trajectory propagator. Inputs to this mode are
the most extensive and probably the most important as this mode is also used by
almost all of the other modes. Table 3.1 presents the inputs that pertain to this mode.
Many of the inputs are automatically pre-initialized. The pre-initialized values are
designed for an Earth-Moon trajectory. Thus, if another type of trajectory is desired,
many of the preset values will probably have to be changed. Since the inputs for this

mode are so extensive, they are divided into catagories according to their use.

3.1 Initial Conditions

The initial conditions can be input as position and velocity vectors, orbital elements

or in an Earth-fixed spherical system. These values are input in locations 30-35 or
40-45. If the initial semi-major axis in location 30 is zero, the program assumes

the initial conditions are position and velocity vectors or spheri.cal conditions, If
location 30 is non-zero, orbital elements are used as the initial conditions even if

one of the other methods is inpuf. The coordinate system designation is input via the
flag in location 1019. This flag is also used to indicate the Earth-fixed spherical
inputs. The time corresponding to the initial state is input in locations 50-55. The
constants input in locations 5 and 6 are uged to convert the units of the initial conditions

to program units. The program units are kms and kms/sec.

3.2 Compute Interval

The compute interval can be input in one of two ways. The first is via the compute
interval table in locations 170-189. In this table ,constant compute intervals are input

for segments of the trajectory. The times to switch from one constant compute interval
to the next are also input., The compute interval can also be determined automatically |
inside the program. When this option is used, the error control limit, initial compute‘
interval and minimum compute interval are input in locations 1 to 3. The error control

limit determines the accuracy of the propagation. The larger the number,the less
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accurate, Values of this number between . 001 and . 0001 give reasonably accurate
results for all the methods except Cowell, When this scheme is used, the error
control should be between 10 and 100 times larger. There are few restrictions in

the selection of the compute interval, The twelfth and eighth-order multistep must

be used with a constant compute interval for the whole flight. Multiconic can also be
used with the automatic compute interval mode. The use is the same as with numerical

integration,

3.3 Outputs

The outputs are obtained with respect to the launch and target planets. The frequency
of the prints are determined by the print table in locations 450 and 469, In this table,
constant print intervals are input along with time to switch from one print interval

to the next. The flags in locations 1030, 1039, 1040 define the frequency and
coordinate systems of output. Prints can only be obtained at compute points when

the multiconic propagator is used,

The trajectory output consists of the time since launch epoch fdllowed by a designation
of the planct and coordinate system. The third line contains the X,Y, Z componénts and
magnitude of the position vector from the designated planet to the spacecraft. The

next line has the velocity vector and magnitude. The osculating orbit is presented
next, The order of the elements is semi-major axis, eccentricity, true anomaly,
argument of perigee, inclination, and longitude of the ascending node. See the

sample case for an example of the output,

An alternate abbreviated print is also available., The flags in locations 1058 and
1059 are used to select this form. The first flag specifies the unit number of

the prints, Be sure that this input does not conflicet with previously defined units,
The second flag specifies the outputs to be presented-orbital elements, position

and veloeity vectors or both, The flags in locations 1030, 1039, and 1040 also

apply to this output. When orbital elements are output, the ocutput consists of

the days since launch epoch, semi-major axis, eccentricity, true anomaly, argument
of the perigee, inclination longitude of the ascending node, the planct number,

the coordinate system (numher corresponds to flag 1039 and 1040), and the periapsis

radius, When position and velocity vectors are output, the output consists
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of the hours since launch epoch, position vector, radius planet number, the
coordinate system (number corresponding fo the flag input in 3039 and 1040),

the velocity vector,and the magnitude of the velocity,

3.4 Force Model
A, Planets .
The planets in the system are denoted by the flags in locations 1001-1012,
A one or two is input in the proper location for the desired planet. If the
planet will never become the central planei, e.g., Sun in an Earth-Moon
trajectory, a one should be input, Otherwise, input a two for the desired
planets. If the planet is included in the system, the perturbing acceleration

due to that planet will be determined and included in the force model.

B. Gravity

A simplified Earth model containing only J 99 J 5’ Jd  will be used by setting

the flag in 1018 to 1, However, a more extensive zravity moedel of any
planet including the Earth can also be used. The flags in locations 1029

and 1035 are used to select this ontion., IL.ocaiion 1029 is set to the planet
number while 1035 is set to the model number. The perturbing acceleration
will be determined when the central planet is the planet Speciﬁed‘ in Jocation
1029, Some gravity models are preset in the program. The flag in location

1035 is used to pick up one of these models or to indicate that a new model

is to bhe input,

The following fields are available in MAEST RO:. (1) Houston L1 model

of the lunar field, (2) JPL 15-8 model of the lunar field and (3) Post
Mariner 1971 model of Mars. A description of these models is shown

in Table 3,2, The numbers in parentheses represent the corresponding
model numbers loaded into location 1035, Any changes in these fields

can be accomplished by additi.onal input through the input array in locations
starting at 2001, The value for Cij is loaded into 2000 + j x 16 + (i+1),

and the value for Sij is loaded into 2300 + j x 16 + (i+1), For instance,

02’0 corresponds to 2003, CG,4 with 2071, SS, 3 with 2352, ete.
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The C and S arrays axe the cosine and sine terms, respectively, of the
gravity field expansion, For a further description of these arrays,see
reference 1. The elements input in the 2000 series override elements
preset in the chosen model, Thus, to change one element in the JPL 15-8
field, MODLEM (1035) should be set to 3 and the new element should be
input in the proper 2600 location, When new fields are to be input,
MODLEM should be set to 5 to zero out the initial field. If the field used in
the previous case is o be used again with minor changes, then MODLEM
should be set to 10 and the appropriate changes input in the 2000 section,
If a new field is to be input, or the size of a preset model is to be changed
through inputs, then the flags INMOD(1094) and IMMOD(1095) should be
set to the new size, INMOD represents the number of zonals and IMMOD
represents the size of the tesseral array. TFor instance, if the JPIL, 15-8
field is to be expanded to a 16-9 field by adding a zonal and several
tesserals,the INMOD should be set to 16 and IMMOD should he set to 9.

It is important to note that the 2000 section inputs must be the last inputs
in each case and that these inputs must always be on separate cards

from the 1 to 1092 inputs,

The acceleration due to the field is only determined when the planet
number input in location 1029 is the current central planet. Care should
be taken not to use the Earth field twice, If an Earth model is used and

1029 set to 3, be sure location 1018 is zero,

Thrusting
The program has the eapability of firing three separate eniines; however,
only one engine can be burning at a time. The engine thrust characteristics

are loaded into the tables in lo.catic:ns 200 to 319, 1In these tables the thrust

values are input at the corresponding times since ignition, Linear interpolatidn

is used to obtain the thrust at times between the input values. The weight .

flow rate is input in locations 320 {0 379. In these tables,the weight flow

" rate is input at the corresponding times since ignition, Linear interpolation

is used to obtain the flow rate at times between the input times. The
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program integrates the weight flow rate to obtain the current spacecraft
weight, The ignition and burnout times of the engines are input in location
380-385, The engine may also be simulated by an impulsive velocity
approximation. When this approximation is used, the impulsive velocity

ig input in location 430 to 432 and the flag in 1047 must be set. The

ignition times in locations 380-382 are used to determine when the velocities

are applied,

Solar Pressure

The acceleration dueAto solar pressure is included when the flag in location
1084 is non-zero, When this option is used, the s'olar pressure at one
astronomical unit and the spacecraft area and reflectivity are also required,

These constants are input in locations 197, 433, and 198, respectively.

The solar pressure force can be determined in two different ways. One
of the methods congiders the spacecraft to be a sphere. Thus, the solar
pressure force is only acting along the radial rays from the Sun., The
other method assumes that the spacecraft is a spinning eylinder with the
gpin axis along the spacecraft attitude,input in locations 47 and 48, In
this model, the solar pressure force consists of two components, One,
Fr, in the radial direction from the Sun and the other, Fn, normal to the

spin axis, see the figure below,
reflected light
S/C Spin Axis

The flag in location 1084 is used to select the desired solar pressure

model,
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3.5 Physical Constants
Although all the physical constants are pre-set in the program, the user has the
option to change any of these values. A table deserib ing the preset constants

is shown in Table 3.3.

3.6 Program Options
There are a variety of program options keyed to input flags, The table below

describes the options available to the user.

Input Location Description
*1014 This flag is used to select the numerical integration scheme

desired when the state is to be propagated by numerical
integration., The 12th-order multistep method can only be
used with a constant compute interval,

*1017 This flag is used to select the desired ephemeris,

1018, 1029, 1035 These flags are used to describe the desired gravity
mode, The 1018 flag denotes a simplified Earth model.
If a more complex model for the Earth or any planet is
desired, the flags in locations 1029 and 1035 are to be
used. See Table 3.2 for a description of the available
preset gravitational models.

*¥1019 This flag is used to indicate the coordinate system of
the input spacecraft state,

1032 This flag is used to indicate the stopping criterion of
the trajectory propagator,

*1036-1038 These flags are used to select the trajectory propagation
scheme. A variety of schemes are available, See
reference 2 for a description of the schemes.

*103%-1040 These flags define the coordinate system of the state
output from the trajectory propagation portion of the
program,

1044 This flag is used to select the desired MAESTRO analysis

mode. Descriptions of the modes available are presented
in the following sections.

1079 : Flag used to read initial state frbm GTDS 24-hour hold file,

1087 Flag used to read initial attitude from Attitude Determination
Program, ,

1047 Flag used to key doppler analysis. This analysis presents

histories of thrust, weight acceleration due to thrust and
doppler shift during a motor burn,

* Flag must be input,
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3.7 Optional Startup for Methods 5 and 8
The numerical averaging methods can be started with osculating orbital elements
by setting the value of KAVST (location 1098) equal to 1. Normally, it is assumed

that the input orbital elements for these methods represent an average state.

If KAVST is set to 1, however, the program performs a one-revolution integration
of the osculating elements to obtain a set of mean elements for starting the
averaged equations integration. The time corresponding to these mean initial
elements is the average of the time for the first revolution or 7/2, where T is

the orbital period.

The initial time is advanced from zero to T7/2, and the averaging integration is
started with the mean elements at this new epoch. Print times and compute steps
are advanced by the same amount and the output is given at times one-half revolution
later than they would have if the averaged equations integration had been started

with input mean elements.

3.8 Shadow Calculations

The shadow times are determined in two different manners, In one method,

the time of shadow crossing is determined from an iteration procedure in the
numerical integrator. The distance from the shadow cone is determined‘ at each
compute step. Tests are made to determine of the shadow cone was crossed or

a minimum to the cone passed on the last step, If one of these conditions is
satisfied, an iteration is made to find the time of crossing. The iteration consists
of a Newton-Raphson hunt to find the time which results in the spacecraft's

position at the shadow cone. During this hunt, the spacecraft's position is
determined by interpolation, This shadow scheme can not be us'ed with the
averaging methods or multiconiec, This method is also used to determine occultation
times. The flag in location 1034 is used to select this option. The flag is set to the

planet number where the observer is located.

The other shadow method uses the osculating orbit to determine the intersection
of the orbit with the shadow cone, The method uses the assumption that the

osculating orbit will not change during one revolution. This method can be used
with all of the trajectory propagation schemes; however, the orbit must neither

impaet nor escape the planet.
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The flag in input location 1049 is used to select the desired shadow calculation

technique.

3.9 Run Stopping Criteria

The run is stopped either by the time reaching the final time, location 4, or

the spacecraft flying through closest approach to , or farthest distance from,

the target planet, The flag in location 1032 indicates that a closest approach

or farthest distance determination is desired. The 1079 flag determ‘ines whether
it is to be closest approach or the farthest distance. The test for closest approach
will not be attempted until the time since state epoch is greater than the time |

input in location 513.

3.10 Sample Case _

A sample run using the trajeciory propagator is shown in Figure 3.2, The first
part of the figure is a listing of the input data cards. The sample shown uses
position and velocity vectors as the initial spacecraft state loaded into locations
40 - 45, The epoch of the state is loaded into locations 50 ~ 55, The trajectory
propagation scheme: used was the NICE/MEAN method and the automatic compute

interval option was specified by the inputs in locations 1 - 3,

The second part of this figure is the sample case output, The first part of the
output presents a listing of the data cards read. This is followed by a complete
listing of the input array including all of the program preset inputs. The trajectory
output begins after the listing of the input array. This output consists of position
and velocity vectors and magnitude in the designated coordinate systems, The
orbital elements printed are semi-major axis, eccentricity, true anomaly,- argu-~
ment of pt_erigee, inclination and longitude of the ascending node. 'l‘he‘ output
frequency flag in location 1030 is preset to zero, thus only first and last points of
the trajectory were printed, The run stopped at closest approach to the target

planet {Moon) because the KCRASH flag is preset to 2,
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LOCATION

1

2

3

4
%*30-35

or

40-45

38

39
47,48

*50-55
170-18%9
197
198
200-380
430-432
433
450-469
513

*1001-1012

*1014

*1015
*1017
1018
*1019
1029

MODE =0
INITIALIZED INITIALIZED
VALUE DESCRIPTION LOCATION VALUE DESCRIPTION
0 error control limit 1030 0 output frequency flag
30 initial compute interval 1031 11 target planet number !
30 minimum compute interval 1032 2 closest approach test f12¢
540000 Run stop time
- initial s/c¢ orbital elements itati l
Initial ti/on hital elem: 1035 0  gravitational model num¥
vectors *31036-1038 4 trajectory propagation
333.40 initial s/c mass, kg method
0 ephemeris time correction 1039-1040 3,2 output coordinate systems
. s/c attitude, right 1047 0  thrusting mode
ascension and declination 1049 0 shadow flag
- epoch of s/c state 1058 0  auxiliary output flag
- . compute interval table 1059 0  type of auxiliary output
4.7(10) solar pressure at 1 au 1068 G number of ordinates
.2 s/c reflectivity used in averaging
1069 3 number of intervals
- s/c motor characteristics used in averaging
L . . 1079 0 farthest approach flag
- engine impulsive velocities
13560 solar pressure area 1084 0 solar pregsure flag
. 1087 0 input attitude element
- print table set number
0 time to begin closest 1088 12 unit number of attitude
approach festing data
5E,M i
' B, Planets in system 1089 1234567  satellite ID number
3 ggi%?i;cal integration 10920 0 director's display write
1094~1095 0,0 maximum number of
3 launch planet number zonals and tesserals used
5 ephemeris flag in gravity model
1 Earth oblatenegg flag
1 input coordinate system
0 gravitational field flag

* input required

Table 3.1

Trajectory Propagation Mode Inputs
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TABLD .7

50T CDRIVIOY HIODELS

HOUSTON L1 [MDDGL OF LUNAR FIBLD, ITN0H = 3, FMOD =
7 ’

c{ 2, O)y==0.2071p-203 3.7 0L20720-04

C( 2, Jy= 353.2100D-04 D _RAGOD-0A D0 .32583n~05
S( 2' LT)Z n ) 000 Oln

S{ 3, J= 9,0 N0 0,9 0.0

JPL 158 JONEL OF LNIAR FIRLD, MNI0ON = 15, MMOD = 7

A2, J)= =0,18030-02 0,81717=05 A, 2258n-04

C{ 3, J}= =0.52737=05 N,2001n=04 0 _ACSON-R5  0,£047m-0S

Cl A, SY= 0,1195n=074 =0 2226505 =0,2417M=05 0 "3060-16 =N, 4547004
o 5, Jh= ~0.,45440=05 =0 ,24550=05 0,0880n=06 =0.7774n-06 0.1927D~05

=0,3044n=-009

O-lOQRG“DS _0063730-05 _9159171-05 —’J-Qr)-‘lfj—-’)ﬁ 0.45?0?—'}7
=0, 756 AT=02 =0 727 Io=00

]
!

-
)

e
i

ol T, Tr= 0.,17700-04  0,22247=05 =0 ,132030=040 =3 ,190E0n-15 -0, 35727000
TLE3ZI0-03 =5 ,29370=-032 0 7454010

C{ 0, J}= =0.3937n=05 -0.8040N=05 2 055N 0=08 =2 ,£771n=-07 2 _10250-27
2,40440-02 JA2E2D-DN =0, 45230-20 <3,21730-110

o J
L
2

c{ 2, I)= =-2,222Dn-05

nLE
n 3,2
0.0 s a0
n.n 0,0 nLn n.o
C(1n, O)= 0,13877D=05 0.0 0,0 0.0 0.9
0.0 0.0 9.0 0.9
c{11l, Y= =3,7311nD-05 0.0 9.0 n.o 0.9
o0 0.0 0,0 n,o
(12, J)= 9.1252D-04 0.9 n.,9 1,2 1.0
0.0 0.9 0.0 a.n
c(12, J)= ~0,33159=04 0.0 0.9 2.0 0.0
8.0 0.0 0.0 LN
C{ls, Iy= 1.10445-04 3.0 n.0 0.0 T n.0
0.0 0.0 0.0 N0
C(15, J)= =0.2277D-04 0.0 0.0 n,n n.n
0,0 0.0 0.9 n.Lo
S{ 2, M= 0.0 -0,72130=05  0,4532n0=05
s{ 1, Jd= 0.2 0,14210=05 0,5742n=n¢ =0 ,7207107=05
S( 4, 3= 0.9 N,2209D=15 =0,23807=05 =N ,672020-96 N _424an=14
s( s, M= 0.0 -0 ,6925D=-05 —0,21780-16 0N,11597=15 0.6236D=07
-0,30120-07 '
s{ 5, )= a.n 1.52420-05 =N ,11570=05 =0, 344N=0F =0,0879N=07
~0,1554n=-07 0,2373n-917
S( 7, J)= 0.0 —0,15790-05  4,11520-05 0,74401=96 0,1295DP-07
0.,5582D-02 0,1227D-02 -0,2121n-19
S{ 8, J= 0.0 0.82020=08 =0 ,17273-05 =0 ,1A37n=0F -0 1757007
0.23910-08 =0,2399D=09 ~0,59125-10 0,7792n-11
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ans FILLD-POSYT MARINER 1971, MHMOD = 4, :70On =
c( 2, D= =0.19600-02 0,0 -0 ,5400D=N4
C( 2, J)= ~0,33500=04 0,27700-05 2,9

o 4, J)= =0,21400-04 0,n n,n

S{ 2, D= 0,1 0.0 0.720091=04
St 3, J)y= 0.0 2,05000-12 2.0
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Preset Physical Constants

Table 3.3

31

GRAVITATIONAL | MEAN ROTATION SPHERE OF
COETFFICIENT RADIUS RATE INFLUENCE
PLANET (KM /SEC?) (KM (RAD/SEC) (KM)
Mercury 2.168553x10° 2.329816x10° 0. 0.
Venus 3.24853x10° 6.098636x103 0. 6.16x10°
Earth 3.986008x10° 6.37814x10° 7.29212361x107° | 9.25x10°
Mars 4.2915515x10% 3.40953x10° 7,08825107° 5. 65x109
Jupiter 1.267106x108 6.98389x10% 1.758549x10 % 4. 8x107
Saturn 3.791869x10" 5.7505x10% 0. 5.4x10"
Uranue 5.80329x108 2., 5484x10% 0. 5.1x107
Neptune 7.02607x10° 2.4983x10% 0. 8. 6x10°
Pluto 3.31788x109 6. 3450x103 0. 3.33x107
' Sun 1.3271545x1011 7.06x10° 0. 1.x1010
Moon 4.902778x10° 1.73809x10° 2.6616995x10°% | 1.1x10®
Oddball 0. ' 0. 0. 0.



Table 3.3 (CONT'D)

Preset Observation Stations

STATION NAME LONGITUDE * LATITUDE*
JOHEANNESBURG 27.707280 -25.735782
TANANARIVE A7,302188 -12.903224
CARNARVON 113.716372 -24, 757607
ORRORAL 148. 956961 -35.448009
FAIRBANKS -147.511732 64. 823643
ROSMAN -82, 876093 35.013815
GREENBELT ~T76. 842965 38.810366
SANTIAGO -70.666519 -22.975938

* geocentric
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TICTIRE 1.1
TmRAJECTCRY PROPACATION S2MPLED CASE
INPUT DATA CARDS
50 4, 5L 10, 52 1973,
53 15, 54 14, 55 43,7419
40 1051.8313 41 5932.0433 A2 2604.72559
43=10,127/74 44 3,0265591 45-7 80735219
1.9001 2 30. 3 an,
1n38 4,
MAESTRO OUTPUT
DATA CRRDS FOR (C1SE ]
20 0.500000000D 01 21 n.xnannnaon 02 22 0.187332090D 04
23 0.150000000D 02 24 0.100030000™ 01 25 0.25000000D N}
50 0N.£00000200D 01 51 N.,10005090000D N2 52 N.1973709090 DA
53 0.1520000000n 02 54 0,149290009N0 02 55 0,4326020000D 02
40 N.105183130D 04 41 N.582720482W0N 04 a2 N PENAIRSI0D N4
43 =0.1012767R0D 02 44 nN,3N2A55210N10 N1 A5 N, 20N2ARDTIAAT 01
1 0.100030090N-03 2 0.3002400000 02 3 N,20N000000010 02
103A n,400000000 01 0 0.0 n n,n
LUMAR FIELD, NMOD= 0 MMOD=**%
INITIZY, JULIAN DATE 2441244,1352
INPUT COMMAON .
B n.,100000000N-02 2 0.2N00an200D 02 3 1.,72009000000D 02
& 0,540000000D 06 5 N.100%90000D 01 A D.7171029199199D N1
f 2.,1000000000-10 10 1,1000000030n 21 20 0,50N0000N0M 01
21 0.1500000089D 02 22 n,197300000D 04 27 1.15090000%9D 02
24 0.1500000000 01 25 N,3250N0030400 01 27 0.A18441757D 05
an N,3332330009D 02 40 f,1081e3313MNn 04 41 n,593202837D 04
a7 N,280425530n 04 A3 =0.INIZTATRID N2 44 N,37855919D N1
45  «0,280352139nn 01 46 N.412421357%D 05 47 1.1321R/1728N N2
4R ~=0,148544233D 22 50 0.£N00070500 01 51 0,1n0090000D 02
52 0.197300000N 04 53 . 9.150000000ND Q2 54 0.,140907000D 02
55 0.43252800000n 02 100 N.2159235370N0 01 101 0,324235A00D 05 .
02 0.298/073200D 06 103 T.42%1551500 N5 104 N, 126710/RN0OD 09
105 0.379)3:/000p 08 109 0.,13271545GD 12 110 0.4907277790D NA
112 0,232991700D 04 113 N.ANGBEIFNOD 04 114 0.637914502D 04
115 0.340353200D 04 116 N,7142290092D 08 117 N.R75050000D 03
118 N.254240000nND 05 119 0.242°300090 05 2120 D.A245000000 nA
121 0.706000000D 04 122 N.1732n3000D 04 124 0.72972123R/1D~04
127 ,.702R822000n=-04 128 N,1758549000n-03 134 N.A661G69950N0=05
17n 0.350000000n 04 171 %,1820000000 05 172 N.,100000000D 20
180 ,.30000003000 03 181 0,1800000000D 04 182 0,180000000N0 N5
187 0.470000000ND-04 1918 0.2120009999n NN 20 6.,820000990n N7
20" 1.229000900H 05 221 N,1300000N00. 02 222 1,20000000000102
260 0.533724000D 02 261 N.26APAD00MD N2 282 N.266227000D 02
280 =0.978500000n 04 281 -=N0_.97R500000D 04 37 n.9300900000D 03
322 0.200000000D 05 331 N.1300073000D 02 337 0.20007202232 02
350 0,.24324000000=01 351 n,12072390000-01 257 9.,1700200000D-91
3ou v.3532uuvuup 0l 361 (. 3332000000 0 38D 0.,1002000n00 21
3Bl 4.200000060D 231 282 0,.100006000n 21 2R3 n,100000000nNn 21
384 n.InNANNNni0n 21 285 8,1000000N0N00 21 A0T 06.52300600000 00

an



0% 0. IRENTNIOAT 09, ANG A 4ANA0N0NANND 09 410 A, AR5 045N 0N

217 1. 878526072°70 D) A1° fNL12247251an 01 417 N,7500729411 N1
41/ G.377826120800 0 42153 AL ARZARI24c3 Y Ave N,A249077560 0
£1= A.sdAGeRIRen 1 AN f,2220N000101 N4 A9 NT.VIASAANONM A2

a9 0,3I25000000D N6 202 nLENHNGNNT N0 A1 A,33[590%00™ A=
434 N,720000000N0 N4 A35 NT7ANIBNIN0N N0 A3F N,?NNaNNNnan-ny
A7 1,779100000N=01 438 N,3IM79300aN91=03 A30 n.508000000 NG
44n 0,.239200000n 0n 4417 B.226000000D 03 442 nN,2935070000 N1
2473 DL.7057323900N N9 A4 4 A.2872900N11 04 AAS N0.1371435174an0 M
ALR 7. 1165000000 02 447 0.600000009D 04 248 ~7,600000000D 04
457 N.1730000000 21 460 0,19N09999 05 A7) 5 30490900 4D 00
471 NJIETENINNON 00 2770 H5,20400%200D 92 AT A,133377"0n0 N
£/ 1.5530020000D0 07 275 TL.AINNODNNANNTY A3 478 G.7907900000 DA
470 0,300070000D=03 490 . =0 ,4431741210 99 A1 =3.,1208993492n nn
482 =«0.432101757N0 00 493 =0,51040944701 ng  Aogp fN,.11312009n N1
4as5 N.511114 3550 00 496 N.AT772087In 0 AR7 =N ,57552845091 1)
490 n.100na%20019n 02 421 11,1070 3000107 A2 A7 N,100%9990n00 02
497 N, 10009393093 n-03 Aa4 1.109937110090-93 495 N, 0=01
494 N,500N00009n NI Ag7 1.2009003%0Nn AN 5§41 0.ARIRNINAANN NA
SIAR NLeNE0092200 a8 5972 A.565970%909 1A 514 A,22A371199090 no
505 1.543019090N0 012 805 N.51030080000 ne 517 F,90000000N0 e
5ne ALRANAITIIIND 02 5n0 A,199%0800090 11 /10 2.1105300890 Nk
o= fLANANNM300N N1 1010 AN e MR La R Re Ea RaliEA I I Ko T I | 1.7?000901090N10 01
1Nz N.AM3A309090 91 1918 N,AN337%3900m a1 1117 N 808ananngD M
13- A.1INIA3771°01 243 1016 N 1990977701 01 1023 2,10099990a0 11
1031 N,21n3000000 02 10372 ND.2090000900 N1 1925 0.1109001030010 N1
103< NoANNANNA0ND 01 10739 0.390790000917 N1 104 1.792000909N 01
1041 n.19AM%1I0N0Nn 07 1nan ATRANMININNNY 0D 10NA3 0,210930300NP N2
1nae n,.17237%00009Nn 01 1231 n,INN9900100N0 N2 1950 1.790%30300D N
1753 0,.,513140700Nn N2 1052 N.1733000000 02 1055 p.10099090n0n 0
1060 DLIIM0A909TY 01 1061 7.,1117930031 N2 1NRM 1.7900700099n A1
136 2 1.20003200090 A1 1064 N.I922903300 0T 1965 7.,199000090D 02
106fF 7,100000000n 01 1087 N, 10108203000 A3 INKQ 0.00099910900 01
10/9 7.3300299090 01 1070 0.95072000000 02 1071 A.701010707 N1
1n7s N.532909209N0 01 1ne2 N,1239409000 N7 1909 11290090000 02
1040 0,1234557000 07
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TIM 0.0

E\ WH MUAN EQUATOR AND ENTTINOY OF 1950
0,10519313n 04 0.59320AR3D 04 N.260A2580 NA
-0,1012767AD 02 T.302A5591D 0 -.280357218D 01
OFRBITAL EIRITWNTS W.R,T. EARTH
0.21275440D 06 1.962159530 00 =0.6807953500-27
n.281907242n 02 ~0,1629°149D0 N2
00N TRUE ENUATOR AND PRIME MEPIDI AN
0.394226910 NG 0.43300479D 05 0.457519780 N8
-0,926600620D 01 N1.529730723n 01 =N 7406381060 01
GRBITAY ELEMENTS W.R,T. FIOON
=0,37625544D 02 N.65905917n 04 =2.51744050n 22
0.26414798n 02 -0,15953664D 072
0 A
CLOSEST APPROACH TG TARGLT PLANET
TIME= -110,0075
EARTH MEAN EQUATOR AMD LINUIMOY OF 1980
=0.952471364n 05 -0,3586312AN 0§ -7,1580777D 06
=0.370322120 00 0,91152741n 00 =3.,1027224970 N7,
[ORBITAT, FLEMENTS W.R.T. FEARTH
=0 ,.,62071096M 07 N.1067295733 01 -0.,2795R473D 02
0.11317251n 02 N.86270685nNn 02
MOON TROL EQUATOR ANTD PPRINME MNERIDIAN,
0,332540560 00 0.14054367N0 01 =0,141r82524n 01,
ORBITAL ELEMEMNTS W,R.T HOOM
-0.702359554p N4 - 0.1355R374n 07 N,17207320N0=-01
0.11594R37D 03 -0.74796(6QD 02
367 4

Q0 FIORE DATA, RUN TERMINATED
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Section 4

RETRO-FIRE ANALYSIS MODE

This mode is used to determine the retro motor's firing time and attitude. When
the MODE flag is set to one, the entire analysis is performed using numerieal
integration. MODE set to 2 option uses some conic approximations to propagate

the state. See reference 1 for a detailed description of the approximations,

The retro motor's firing time and attitude are determined by making repeated  trial
retro firings al various times and attitudes. The firing times and attitudes are
scanned in a systematic order so that displays can be presented. The user can.
then select the desired firing time and attitude by studying the displays. The

analysis mode does not automatically select a firing time or attitude,
The user has three available options to scan the firing time and attitude space.

The desired option is selected through the KAPOPT flag as follows:

KAPOPT =1, Firings are made between an input range of true anomaly
about perigee on the approach hyperbola. The number of
firings is determined by the KFIRE input in location 1043,
The attitude range is an input cone angle about the initial
right ascension and declination in locations 403 and 404, If
these values are zero, the cone is centered about the velocity
vector at the final time,

2 Firings are made from asymptote to asymptote on the approach
hyperbola. The number of firings is selected by the KFIRE
input in location 1043, The attitude range is input through
initial right ascension and declination, increment in right
ascension and declination, and number of right ascensions
and declinations to be tried. These values are inpu£ via
locations 403 to 406 and 1041 to 1042, If locations 403 and 404 are
both zero, the initial right ascension and declination is defined bj
the velocity vector at closest approach to the target planet,

3. Firings are made between input times from liftoff, The firings

are made between the initial time in location 400 and the last
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time in location 401, When MODE = 2,the range is divided
into KFIRE steps of constant tru¢ anomaly in the range., When
MODE = 1,the range is divided into KFIRE number of equal
time steps. The attitude range is input the same as described

in 2,
if MODE = 1 option is used, KAPOPT = 3 must also be used.

When the retro motor is to be numerically integrated (MODE = 1),its thrust and

weight characteristics should be loaded into engine number two,

The RAE-B retro-motor characteristics are pre-set in engine 2, Table 4.1

presents these characteristics.

This mode has the ability to save the post-retro state on an auxiliary unit for use
in other analyses, The flag in location 1082 controls this option. It is set to

the desired unit number,

If the flag in location 1092 is nonzero, the post-retro state for every firing will be written

on an auxiliary unit using subroutine PUTELS for retrieval by the GTDS program.

The inputs preset in the trajectory Propagation Mode also must apply in this mode,
Table 4,2 presents the necessary inputs for an approach analysis plus the preset
value of the inputs pertinent to this mode. Notice that it is possible to 6btain the
initial state from the previous Midcourse Correction Analysis, This is accomplished
by setting KREAD (location 1057) to the midcourse number of the desired execution
time. A sample approach analysis is shown in Figure 4.1, The first part of this |
figure contains the input data, TFor this run, it consists of the initial date, MODE
set to 2 for an approach analysis,and the KREAD flag set to 2 to pick the initial
conditions at the second midcourse execution fime. The second part of this figure
is the approach analysis output. A listing of the input is presented first, This

is followed by the input array with the preset values. The approach analysis

output shown is the minimum eccentricity grid and minimum trim fuel grid. The
value in the first grid is the minimum lunar orbit eccentricity for all the firings

made at the indicated attitﬁde. The value in the second grid is the minimum trim
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fuel recquired to obtain the desired lunar orbit for all firings made at the indicated
attitude, The desired lunar orbit is defined as a circular orbit at the radius and
inclination with respect to lunar equator described in locations 444 and 446. ‘ Thus

a quick scan of this grid should indicate 2 range of desired attitudes.

A second sarnple of the approach analysis is shown in Figure 4,2, This runis
similar to the last except that the KAPOUT flag (1046) is set to one and fewer
attitudes are studied. The KAPQUT flag set to one will print information about
each firing on the approach hyperbolas, The fewer attitudes were used to reduce
the output, If a 15 x 10 grid were used, as in the first run, 150 pages would be
printed. The output from this run is similar to the other runs in that both the
input cards and input array is presented., The next part is a firing time analysis
at the attitude shown, This output presents information about the lunar orbit for
each firing time. This output is divided into two parts for easier readability.

The first part confains

TIME Time the retro is fired, time since liftoff

NEXT : Time until shadow, If this quantity is neg-

SHADOW ative,it is the time until there is no shadow.

SHAD FREE . '

TIME Time between shadows -

DELTAYV Trim maneuver to correct the inclination to

TRIM the desired value and circularize atf the desired
radius,

TRIM . .

FUEL | Fuel used in the trim mgneuver.

NORMAIL VECTOR The right ascension and declination of a

RT, ASC DEC vector normal o the orbit plane in mean

Earth equator and equinox of 1950,

The second part contains the elements of the post-retro lunar state with respect to

the true lunar equator and node at the time of closest approach,

FIRING . - . . .
TIME Time the retro is fired, time since liftoff
SEM Semi-major axis of the lunar orbit.

ECC Eccentricity of the lunar orbit,
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TRUE
ANOMALY

AOP
INCIIN

LON

True anomaly of the spacecraft in the orbit,

Argument of pericynthion

Inclination of the lunar orbit to the lunar
equator,

Longitude of the ascending node.
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Time since
ignition (sec)

19

20

) Table 4,1
Retro Motor Thrust/Weight Characteristics

Thrust
{(Newtons)

~9785,0

-3785,0

40

Mass flow
rate (KG/SEC)

3,532

3,532



Table 4,2
*
Retro Fire Analysis Mode
MODE =1lor2

INITIALIZED _ INITIALIZED
LOCATION VALUE DESCRIPTION LOCATION VALUE DESCRIPTION
20~25 - liftoff. epoch ~512 0 retro motor burn time
**30-35, 40-45 initial state *%1016 2 retro motor number
ot 1057
*%1041 10 number of right ascensions
220-386 ~ retro motor in engine
2 for MODE =1 *+1042 15 number of declinations
400 - initial firing time *%1043 20 number of firings
401 - final firing time %1044 - mode flag set to 2
402 - increment between firings 1046 0 firing analysis output
fla
403 - initial right ascension &
1048 1 Lunar orbit shadow
404 - initial declination fla :
g
**405 B increment in right *¥1055 1 _approach analysis
ascension .
: option flag
s - . in declinati
406 increment in declination 1061 11 mideourse auxiliary
407 .68 impulsive velocity of unit number
retro
1076 - Element set no, of
410-419 - observation site longitude state from GTDS
31 226 midcourse motor ISP 1081 0 no. of revolutions before
firing analysis
FH442 282.5 retro motor ISP
1082 0 auxiliary approach anal-
%443 71.11 mass of retro fuel ysis write set to unit no,
. . . for write
k444 2838 desired final orbit radius .
, ] ] ] 1087 - Element set no, of input
k446 59.0 desired final orbit attitude data
‘. inclination
. 1088 12 attitude unit number
AT3 13.77 retro drop weight
L ] 1089 1234567 satellite ID number
¥4 5 attitude cone angle '
. 1092 - Element set no. of
:175 20 true anomaly firing range- write for GTDS
480-489 - observation site latitude

'

b

!

f inputs for trajectory propagation also set

#* required inputs
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INPUT

20 6
23 1
50 6

1

53 1
1057 1

PIOTRE 4,1

PETRO ™MOTOR DOETERMINIATION SRIPLE CASTH

AR N SUA S

CARDS

. 1044

HARESTRO OUTPUT

DaTA AR

20

23

50

53

1057
LUNAR PI

ns FOR

L NN e B
L

CASE 2
00N0D 02
0.150000000N 07
7.600000000N 01,
0.150000000D 02
0.100000000n 01
ELD, NMOD=%%#

BOONNTRICITY ZAD

21 10,
24 1

51 19,
54 14

2,

21
24
52
54
1044

MMOD=*% %

e
25
57
55

Nn.10n%00a00N0 N2
N.1099910090 O

0.100000990D 07

N.140090000D 02
n.290900000D 01

INITYAL JULIAN DATE 24419%44,1352

INPUT
A
8
21
24
38
42
a5 -
A8 -
52
55
102
105
112
115
118
121

127
170
180
197
202
260
280 -
322

COMHMON
0.543000000Nn 06
1.,1300000001-10
0.,100000000Nn 02
0.1400000001 01
1.323390000N0 03
N.260425590D 04
0.280736700D 021
0.1485442760 02
0.1373n3700nNn Q4
1.432680000D 02
0.3%°R/03200D 06
N,37912(9190D 08
0.232931600D 04
0.340353000D 04
1.254249000N 05

0.706000000D 06

0.708820000Nn-04
0.3r09000000D NA
0.300000000D 03
0.479000000n0-04
0.2000000000 08
0.5237834000n n2
1.978502000n 04
1.2000000000 05

5
10
27
25
an
43
46
50
53

100
103
109
113
118
119
122

128
171
181
123
221
261
231
331

~0.973500000n

0.100000300N0 01
N.10090N900D 21
0.197300000D 04
0.325900000N0 02
1,.1051°3130D 04

=0,101415A80D N2

0.419441352D NS
N.80000200000D N1
0.1500900%9n 02
n,.216855300D N1
N,A429155150D 05
0.132715450n 12
N,AN392RI500M N4
0.714220000D 08
0,.?249235009n NS

0.1738007001 04 1

0.175854990D-23
N,1RN000D00D NS
0.181000990D N4
1.219900000n 00
N.120000009n 0"
N.266°972090D 02
nA
0.193000000N 02
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MININTE

TIET,

1077,
.25
19713,

43,262

22
25

52
55
0

C0,130230000N

GPRINS

7.197200990D 04
0.325000000D N1

N,197200909N 04

1.A37262307000D N2
0.0

N.1077950009n
0.600070909D

n
01
02
0,ALR441757D 0K
0,892704330n 04
1.3120W710491n 01
1.16236172en 03
2.1000000900 02
0.3140320000p 072
0.374835400N 06
N.1267106001 99
04902777900 04
0.437316501D NA
0.5750500000 0%
0 6345000000 04
N,729212351D=04
0.,766149350D=05
0.100009950N0 20
N.,187000000D 05
N.9019000000 02
N.209010099D 02
0,7266307900D 02
0.7000900090 03
0.200099010D 02



330
s Kt ]
Iz
284
ang
417
414
417
A3D
4734
437
AA0
413
246
A59
a7y
474
479
AQ2
485
490
A93
494
502
508
508
1007
1014
n1a
1031
1038
1A
loaa
1052
1055
1061
1064
1067
1070
1077
1N 1’9

D.2403400000r-01

(o} B AaNAARNAT™ N
[ ]

0,1000000008 21

n,innnaannne 21 .

N.13R00000070 09
N,R725596028D 00
0,3708/1990D N1
N.50492%2128n 01
f.394000000n 05
0.720030000D 04
0.7000000000D-01
0.25929200001 06
N.70579200010 02

J0L,118500000n 03

1.192000000ND 21
0,167800000n0n 00
0.500000000n 01
0.30000000010-03

=0.432101751D 00

N.611106355n 00
7,110000000D 02
1.100003000N-03
0.500000000D 01
0.925000000D 06
0.540000000D 08

0.330000000D 08

9.200000000D 01
0.300000000D 01
0.1000000000 01
0.110009000D 02
n.40000%990D 01
N.10000005071 02
0.200000000D 07
0,200000000n 01
0,100000000n 01
0.110000000D 02
0.1000000000 01
0.100000000D 03
0,950000000D 02
0.200000000D 01
0.123456700D 07

351
282
385
ADQG
412
41%
420
A273
415
438
441
444
447
4¢0
A2
475
480
483
AR5
491
49 4
407
5903
506
509
1010
1015
1019
10132
10230
1042
1048
1053
N5z
1062
1065
1068
1071
1083

n,120701090D=01
n‘-\r--\ﬁﬁnhnnn Ny
N,I00099000D 27
n.3000030500nN 271
N, 4000000091 09
0,19247953an N1
N.A8K7TI461N0 07
nN,203300000nN N4
0.620090970D 90
2,700000090nN N0
0.3000190000Nn=93
N,226000090D 03
0,723000000n (4

. 0.6000009000N0 04

N.1209999090 95
N204000000T 07
0,.290000000n 02

~0.,A2917431310 10
~0,8227A84479D 00

N.E77368671D 00
N.1000000001 02
0.,1000000000-03
N,200000000n N0
N,565900000Nn Ne

0.5110000000 08

0.71000900000 11
n,10909000990 N1
N.N0900900D N1
0.12990009000 01
0.2000000000 01
N.200099000n0 01
N.150099009 02
n.190000000N N1
0.500000000D 02
0.1000909000 01
n,2000000000 01
N,130000000D 02
N.600000000D 01
NL.R00D0N000D 01
0.110000000D 02

43

257

2l

L Xatal

393
an
CAN
417
AG
471
PEE
LEYS
439
A4S
A45

243

A7
473
470
A9l
Aa4
AR7
499
4958
CH
504
507
510
inia
niv
1073
10135
1040
1043
1051
154
1nan
1ing2
1966
1069
1075
10498

N,17°71909900 0=

.....

A TAAAMAnRgR AT
.

n,109990000n 21
Q.agﬁﬁqqnnnn [a%a}
N,A%35927243Nn 9
9.7259973341n M
N ,A0AINIINAT N]
A,11AR9NN00D0D N2
nN,1356010090N0 05
n,L2NNoNanNan=91
N, 360000000 N5
N,72825990000 03
N,11 433170 O
0.600330090D 04

1,£000909000n N
N.123377000N 02

0,729910999D DA
-N,729972319°n 00
N,117313%490D N1,
-0.5755386970 (00
0,197000000n 02
0.2990900070=-01
N.£16000000D A4
1.4300000000 00
N.861009900D 08
0.1100000091 06
0.72009200090D 0
N,3990009907 N7,
1.,1900009090 01,
0.1990010000D 07,
f,200090000D DY
n,2100300000 02
N,s00010000D0 N1
2.170000000D 02
0.171N9900001 0
0.290000000D N1
0.,1N00000000 01
0.M00000001 01
0.A00000000D 07,
0.1.20000000D 02



2
i
o]

_'18.'711
=-20,40
-37.07
=3%.74
~31.40
-32.07
-33.40
_1,1.0'7
~34,74
-35,40
~26,07
~35.74
=-37.40
-32,07

DEC

-28,74
=29.490
-20.07
=31, 40
-32.07
-22,74
-33.40
-34.07
-34.74
~-235,40
-36,07
-35,74
-37.A0
-38.07

NO HORE NATZ, RUN

135,121
N, 0R 94
N.0676
0.0660
N.OE6H
0.%661
N.0AGT
0.0R673
7.0669
n,Na78
0,06R9
n,A701
N, 0715
0.1733
0.0753
1.N7IA

135.1
21.09
20,59
20,018
19.60
19.13
18,67
18.22
17.89
17,39
1£,99
16,62
16,26
15,97
15,59
15,29

136.1
N.0669
0,0656
0.0647
N.NRA1
n.Ne6129
0,139
0.0679
n.NeA3
0.Ns50
N.N6AO
n,NR73
0.0619
n,n754A
n,N7273
N,0745

136.1
20,72
an.20
19.688
19.20
1R, 72
17.25
17.79
17.35
16.92
16,52
15,17
15.74
15,41
15.07
14,76

127.1
0.0656
n,0645
0.06734
N.0R32H
0.9620
0,N619

0.7621

J.0625
N.NAR29
0.06737
0.2548
0.0667
n,nRen
n,n700
0.0720

137.1
20,234
19,82
19,20
13,79
18,130
17.81
17.35
16,90
16,47
16,104
15.67
5,130
14,97
14.59
124,27

TERMINATED

15

R. A=

R, A,

1331
N.0G6A9
N.1N525
N.NR2S
.104109
N,1411
0.0507
N.0R0R
N.0&0°7
0.N514
Nn.06232
1,941
N.0647
N,NE59
n,na77
n,0697

15

R

RO A.
138,21
19,98
.Y

e .

132,92
18.40
17.99
17,42
16,04
16,418
15,07
15,R/1
15,70
14,97
14,458
14,190
13,78

ATTIRUDE SCAV

MITITUUC

ICrENT

PICITY

MICHOR VDATOR EPOCH
JHR 14,01

A7, 2FQSHC

CORPENT ADPTITIINE

129,
N.NG652
N.06135
N.1671
0.0611
N.NaeN%s
N.N607
.N600
1.0599
Nn,.naN72
1.061N
n.0&70
0.,0R133
N.,NG45
N.NGEED
n.n6al

ATMITING

163, 26

140 .1
0,0650
D.,1640
0.NG2EA
n,NR15
N.NEANR
n,0599
N.N597
0,N599

N.OGNYD

0.0604
H.,NR17
n,NEN1
n.NA27
N.NR54
0.0671

MININIT TRILI

nEC.=

.14'1I].

n.N661
0.0649
0,165
n,ne27
n,1515
n.nNA06
N.NE0Y,
Nn,nN"99
n.N&EnY,
n.NGaN7
n,ns17
n.N&729
n.NE3
n,naA7
N.NEAS

SCAN

FITRT,

HOHOR VEATOR BPOCH
43,26 45EC

IR 14,

MITH

CUTRRENT ATTITUNE

130,11
12,64

LAL= 163,36

140 .7

19, .8

19.79m18,72

19,55
18,07
17.50
17,00
1A .52
15,08
15.617
15,19
1477
114,139
14,90
13,44
13.20

44

18,18
17,68
17.13
16,687
15,74
1IR.F5
15,108
12,75
14,7313
12,03
13,55
13,18
12,85

nEc,.=

142,11
18,95
13,3
17,873
17,79
16,74
16,74
15,74
15,745
14,0
14,38
13,97
12,187
1a.10
R
17,49

_1.-‘!_.05

149,71
n.NG2g
N,NGE0
n,0550
N.NR1A
0,067
nN.NETN
N.05113
N.1609
N,AEN"
n,Ne10
L IPRAR S N
N.NE76
n,n625
N.NRAD
n,0R6A

-

-14,75

1421
12,61
1e.nA
17,49
16,04
16,41
15,9n
15,73
14,99
14,2
13,95
13.57
13,1
12,72
17.00

1231
n,0799
n,06990
0.,N672
N.NA57
n,0642
n.N537
D.NE2R
N.15723
N, NR"D
0,062
N,0528
n,nead
n.,NFA3
0,NA5A
n.NGgIN

43,1
1a.31
17,74
17.01R
16,71
18,14
15,57
15,02
14,57
1404
13,60
13.15
12,77
12,72
11,2
11.59



PIRING ™IME ANALYSIS -
I¥PuT CrmDS
20 A, 21 10, 22
23 15, 24 1, 25
50 A, 51 10, 57
53 15, 54 14, 55
Al 1, 4z 1., 1044
1057 1, 1naa o,
(IAYSTRO RNALYSIS
DATA CAPNS FOR CASE 2
2n NL.E00000000D 01 21 9.12000900000D 02
21 1,150000000D 02 24 0.1000000009D 01
50 0.60000000010 01 51 N,10002000080 972
53 n.1500090000D 02 51 1,149000900D 072
1041 N,100000000D 01 1042 n,1000000000 2L
1n57 n.100000000D 01 1044 0.200000000D 01
LUNAR PIELD, MHOKT ) MMOD= 0
INITY, JULIAN DATE 2441844,1352
INPUT COMMON
4 0.540000000n0 DA 5 N.,1010001000D N1
8 n,.100000009N=10 10 n0.100000000D 21
21 n.100000005D 02 22 n.197300000N 04
24 0 0.100000000N 021 25 0.325000000N 01
39 9.233320000ND 03 40 N.1IN5123130Nn 04
47 N,2604A725590D N4 A3 =0_,1014155920D 02
45 =0,28n733700D 01 4R n,A419441352n 05
48 -0,14854427aD 02 50 n,E0NNGINN0NR N1
52 0,107390000D 04 53 n,150000000D 02
5% N,432680700D 02 100 N.216855300n 01
102 N,.398A03200ND 06 1023 N.429185150N0 15
105 N,279194900D N8 109 0,130715450n 1°
1312 N.2320921400ND 04 113 N.AO98K2RNOD N4
115 N,340953000n N4 114 N,7142200000 N5
118 1,254240000N0 05 110 n,249830100NND N5
121 n,7NAN00000D N6 122 0,172800000D0 0A
127 N,.708920209n=04 1728 N,175254900n=072
170 0,.360000000N 04 171 0.,1200000001 N5
180 0.3000000001 N3 181 0,18000000010 N4
197 n,470000000n=-04 198 0.,210003000D N0
202 N,200000000N0 05 221 0.1900000000 N2
260 N.533784000N0 02 261 N.26609320001 0O
280 -0.,978500000D 04 281 -0,978500090D N4
322 D.200009000D 05 331 0.190000000D 02
350 N,24A0400900D-01 351

FICURT 4.2

RUTRO HOTOR DETERMNIVNATION

A Al
S p’x?'.xp I.'.'."a

0.120200000D~01
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MASE
1971,
2.25
1973,
43,268
.
22 0.197390000N0 04
25 1.325900000D 01
52  0,197300190070 04
5% n.432200n00n 02
InAs 0.1000000000 01
0 0.0
8 0.100903000D 01
20 9,8700990000 N1
213 N,189030000D 02
37 0.412441257D 05
41 N,8%332042300 DA
44 0,710 710490 01
A7 0.163361728D 0%
51 0.1000000090D 07
54 N.140000030D 92
101 0,124835400D 06
104 0.126710600D 09
110 n.A4902777001 04
134 0.617816503N0 N4
117 N.5750500000 05
I2n N,AIARNNDNCND 04
176 0.7799123610-04
1734 N,.258189050D=05
172 0,10000300000 20
187 0.,129000000N R
anl 9.400000000D N7
202 n.2nananpnon 02
262 0,246997000D 02
2 0,9000000000 N3
1717 D,2000000000 072
3572 0.120200000D-01,



350
ES= N
R34
230
411
414
217
427
AQA
AR
24N
A43
Ads
450
471
474
4479
282
495
290
4973
204
507
505
508
1097
1014
1019
1031
1026
141
1044
1051
1054
1069
1963
1066
10569
1075
1088

0.22372000001 01
nL1nannAnNnnn 71
£,1070030000 27
A,1349010000 99
n,8755950728D 00
9.371851290N 01
8.537922198n 01
N, 3960090000 06
n,7230009000 94
0,7000020000-01
n,2592009000 N6
n,715792009n 02
A,.11A500000D 03
N,1N000000D 27,
NL157RI0000D 00
7,599000900D 01
0,30900090010=0 2
~0.432103757D N9
1,A11106355D 00
n,109000900D 09
N.,100000700 =01
n.500000000D 07
0.925000900D 05
0.540000000D 07
0.230010000D 08
n,209700000D 07,
N,257000900n 01
7.172029909p 01
7,13100200001 02
",429900009D 91
n.109000009D 01
A.2000000000 91
1.590110000D 01,
0.1700000000 02
0.100000000D 01
1.200000009D 01
N.1000000000 01,
1.300720000D 01,
n.A00000000D 01
0,120000000D 02

3/1
107
285
Ana
A12
415
429
273
235
A3R
447
Ada
447
A6N
172
A5
4an
A87
A04
491
A0A
A07
5013
505
509

1219

1015

1N19

1101232

10739

mnaz

1naq

1152

1055

151

1064

a7

1070

1077

1029

AL2R22090000 A7
n.1nnnnnnnnn =31
ALTANINNNGN 31
A.AN0M9990010 NG
N.1924725100 N1
N,AB3RT2ARTI™ N
N,?229010N00N Nn2A
nN,&£N0000N09N N0
A,.79330753070 N4
N, IININ0N=9"
N,.2260N0N000010 N2
N,29380N0N09Nn N4
A,51a990900Nn N4
1,199 n 38
aAMNANNANNOT DD
N.,200720300 N2
-0, AABITAYIIN NG
=N, AI0ACAATAT 1D
N.ETTI[ETIN ND
A,100000500n N2
0.11009090917=97
n.2Nn0nn00%n NN
N.RA50DM0N0T N4
A,.3100900000 N3
N.10N000000N 31
A,19991790%00n0 NY
1,73I102900907M N3,
d,1171000000m N7
N.20309090NN A7
0.3INO29390NT NI
.1NA02199990 01
0.197099a09n N1
N,.720000007°0™ N1
N,100900000n 01
N,11%0900000 n»
0,.1990090000 N1
A.10717193000 NN N2
N.AKIIIINND 02
0,200300000N0 N1
G.12324567000 07
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e Ko Ba
A3
ATN
A1
ATA
491
A7
A3e
A30
447
AdG
ang
470
FLE!
A7
487
AQA
A9
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408
5071
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1111
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10723
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1040
1047
1N
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1N45
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FIRING
TLIE
(HR)

109.939
109,273
109.955
109,967
109.92390
108,392
116,004
11n.017
110,029
310,041
110,053
110,065
10,077
11D.092
110,101
110,113
110.126
110,137
119,151
110,163
110,174

FIRING
TIHE
(HR)

109,930
109,943
108,955
109,979
109,990
109,982
110,004
110,017
110.029
110,041
110,057
110,065
110,077
110.003
110,301
11n.113
110,126
110,131%
110.15%
11n.153

LPPROVIMATE APPROACH ANALYSIS

ANCHOPR. VECTOR

15.HR 14, MY
DEC., F. A,
-38.071 135,065
NEXT SHAD FRLEE NDELYTA V
SHADOW 1R TR M
{DAYS) {DAYS) (M/SEM
f3.76 114,10 164,50
£3.49 113.47 159,239
£3.24 112.89 154,71
A3,02 112,36 150,62
2,82 111,87 147,29
R2.64 111,44 144,89
£2.49 111,05 143,80
£2.237 110,72 143,573
A2.26 110,44 144,69
£72.10 110,21 146,99
£2,14 119,073 180,30
A2,11 119,99 154,42
62,11 109,83 159,11
62,13 109,81 L. 3,79
£2.1R 109,84 162,820
62,26 109,913 174,173
7,36 110,07 179,73
2,48 119,26 1835, 45
R2.63 110,51 191,173
2,21 110,71 107,130
£2.01 111,15 207,37
ORBITAT, ELEMENTS
SEM BCe TRITE
{(KM) ANOMALY
{DRG)
71,1 0,11786 -8.52
3N431,3 n,1ne34 ~-33.5A
N4, 2 n0,09964 -27.174
2999,0 0,09203 -21,02
206%.,3 0.0R574 -13,25
2049.2 2,02106 ~4,50
2032,5 0.07829 5.n4
29149,3 0.077561 14,94
2006.,4 0.07905 24,78
2R96, 1% n,08250 23,99
2889.6 0.N8768 42,31
280A4,5 n.N94131 29 A7
28R1,8 N,10207 55.94
?]81,2 0.11072 £1.36
2a22,9 N,12004 66,07
28826, 1 0,12988 7,04
2992.9 N,14010 73,52
2001,72 N.15061 76,59
7012.,0 0,15135 70,29
2025.1 0.17224 81.69
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EPOCH
A3.,26955C

TRIM

FULT,

(KG)

17.44
16,9

1A A4
16,072

15.67

15.43
15.29
15,29
15.40
15.64
15.9°
16,40
16.99
17,730
17.08
10,472
12.98
19,57
EALIAS
20,746
21.37

AOP
(DET)

161.69
138,64
154,7F
149,93
144 .07
137.23
129.61
171,617
112,71
106,41
103,00
24,60
90.20
/4 ,A9
83,95
21,04
2n.,27
73,13
78.1%
77 .97

MORMAT, VECTOR

RT ASC

(NE)

-91,07
=-91.n14
-91.01
-90 .99
-30.,95
=-90,092
-30,R0
=40, 14
-90,482
-90,79
-90 .75
-90.71
-an .60
-2 .84
=-90,410
~-30 . "A
-20,57?
-90.41
-90 A4
=an.,.2n
=90.735

OF PPETRIH LUMAR ORBIT

INCT.IN
(DE=

112,04

112,09 -

1202
112,14
112,07
112,219
112,22
117,74
T2, 26
112.729
117,21
112,23
117,138
112,27
112,29

nERe
{nEM)

-A5,24
-A5.26
~A5,29
-45,2
-AR, 5
-45,37
-4, 40

AR _AD
-5, A%
_AR.A7
-45,49
-25.52
-A5 54
_/‘t:n:.!ﬁ
-4%5,59
AR A1
-A5.67
—A5, 55
-A5 &7
ENT.
-A5,70

(ree)

-99,54
=948, /7
-92,80
-90,27
-9, AR
-90_42
90,40
-27,17
AT
-2R,72
-9 _29
00 25
-99 7217
-22,20
-99,17
-90,14
=97,11
-92 ne°
-0 .05

-1 A7



Section 5
MIDCOURSE ANALYSIS MODE

The midcourse analysis mode is designed to present to the user displays from which
he can select the "best" correction according to his needs and constraints, The
core of the mideourse analysis mode is a group of subroutines used to determine
the correction at a specified place on the transfer trajectory which s.atisfies input
end conditions, see reference 1, Logic was built around those subroutines so

that certain control variables can be varied in order to automatically scan the_

confrol variable space,

The KTF flag is used to determine the type of scan, and hence, the type of displays
to be printed. This flag is defined as follows:l
KTEF =0 A one-dimengional scan of midcourse
| execution time, The initial time is loaded
into 478 ,the increment in 434,and the number
of execution times in 1051,
>0 Two-dimensional scan of midecourse execution
times and flight times, Execution scan is
defined as above, The flight times are scanned
in KTF one-hour steps beginning at the
desired flight time in location 422, TFixed time
of arrival guidance must also be specified.
<0 Fixed attitude scan. A two-dimensional

scan of midcourse execution times and mid-
course impulsive velocities at a fixed attitude
input via locations 47 and 48, The impulsive
velocity is varied about the velocity input in
location 426, in -KTF steps of size equal to the
value in location 479, The attitude can be sys-
tematically varied about the input attitude if desired
The number of attitude steps are input in 1041
and 1042, The attitude range is input in 474.
When this logic is used, the attitude is varied
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around a cone whose half angle is input
in location 474. The cone is centered at

the input attitude.

Besides the scan option listed above, the user also has the option of selecting

one of five guidance laws, The user selects the desired law through the KGLAW

input (location 1063) as follows:

KGLAW

KGLAW

KGLAW

KGLAW

KGLAW

il

1

Minimum fuel. This is a critical plane
maneuver correcting only B-T and B R (%),

Tixed time of arrival. This corrects B+ T,

B* R (*) and time of flight to the desired values,

Fixed Target Energy, This corrects B:T,
B*R (*) and energy on the mean passage
hyperbola to the desired values.

Variable Target Energy. This corrects

B+ T, B*R (*) and the energy in lunar orbit
to a desired value, The lunar orbit is
determined by firing a retro motor at the
perigee point of the passage hyperbola along
the velocity vector,

Minimum Total Fuel, This corrects B-T

B- R (*) while minimizing the fotal midcourse
and trim fuel expenditure by optimizing retro
orientation and firing time,

The desired end conditions can be adjusted if a retro overburn exists. An overburn

occurs when the available retro velocity is greater than the velocity to circularize

at the desired radius., When this condition exists, it is necessary to use up the

extra velocity in some way to avoid a post~retro maneuver. Two methods are

available to the user., They are called the variable inclination procedure and the

variable periapsis procedure. These procedures are described in detail in reference

1, Simply, the variable inclination method adjusts the aiming point so that an

out-of-plane retro burn at periapsis of the approach hyperbola will result in a

circular orbit at the desired radius, In the variable periapsis procedure, the

periapsis radius is adjusted so that an in-plane retro firing at the desired radius

will result in a circular orbit at the desired radius, "The IVTI flag is used to

gelect either of these procedures as follows:.

(*y or, alternatively, radius of closest approach and inclination
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IVIT = 0 in-plane retro maneuver antiparallel to
velocity vector at periapsis,

=%1 Variable inclination procedure approaching
above or below desired inclination.

T2 Variable periapsis procedure circularizing
in-plane before or after periapsis,

1t should be noted that none of these options are executed when the NORMIN flag

(location 1080) is non-zero. In this case, the retro-maneuver is determined from

a steepest ascent optimization procedure, This procedure is explained in reference
1,

The TBURN flag in location 1070 is used to select the method in which the midcourse
motor is applied. The number of this flag corresponds to the trajectory propagation
method defined in location 1036, Any of the methods may be used except the
averaging techhiques (input value of 5 or 8). It is suggested that Cowell be used
when an accurate simulation is required. When less accurate simulations are
required, multi-conic or impulsive velocity can be used. Impulsive velocity is
specified by a zero setting of the flag, The midcourse motor's thrust and weight
expended histories are input in engine number 1. The values for the RAE-B
midcourse motor are pre-initialized in MAESTRO. These values are shown in
Table 5.1. The impulsive velocity of the midcourse motor is determined from

the standard rocket equation. The mass and specific impulse input via locations

38 and 441 are used in this equation,

The size of the midcourse velocity step in the midcourse determination is limited
in order to help ensure convergence. The maximum step is the product of the

limiting factor in location 1067 and the partial derivative step in location 479,

Information about the midcourse correction at each execution time is stored on
an auxiliary 1/0 unit, This unit number is input via location 1061, This input
must correspond to a unit defined with the proper JCL. This information is

retrieved in other analysis modes,

The inputs preset in the Trajectory Propagation Mode are also preset for this
mode, A guide for the use of this mode is shown in Table 5.2, This table

presents the inputs pertinent to the Midcourse Analysis Mode,
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A sample of the Midcourse Analysis is shown in Figure 5.1, The first part

of this figure is the input data. For this run, the initial state is loaded as
position and velocity vectors in locations 40-45, 'The initial date is in locations
50-55, The KGLAW flag in 1063 is set for fired time of arrival guidance and
the MODE flag in 1044 is set to 3 for Midcourse Analysis, The KTF flag

(location 1077) is set to 2 to obtain a scan at two flight times.

The first part of the program output, second part of Figure5.2, consists of a
listing of the input cards followed by a listing of the input array including the
preset values, The midcourse analysis output follows the listings of the input’
array. A line of information is printed for each execution time and flight time,

Since it was necessary to abbreviate the titles, a description follows:

MC Midcourse number
NO
TIME Execution time. Time since lifioff,
- MAG Magnitude of the midcourse correction.,
FUEL Fuel required for the mideourse maneuver,
BURN " Midcourse motor burn time,
TIME
R.A,. Right ascension and declination of the correction
DEC, velocity in the Earth mean equator and equinox of 1950,

SPIN-SUN Spin axis-Sun angle, Angle befween the Sun and the spin
: axis when the maneuver is applied.

MIN SUN  Minimum angle between the spin axis and the Sun during
the reorientation to the midecourse attitude, ’

ATT FUEL TFuel used in the attitude orientation maneuver,

TRACKING The rounded off elevation angle for each tracking station,
VISIBILITY If the elevation angle is between 0,0 and 10,0,a 1 is printed,
: etc. The station is identified by the first letter of its name,
The Midcourse Analysis output also includes predicted errors in mission objectives

due to midcourse maneuver execution errors., The answers are computed by

linear propagation of ensemble sfatistics. 'The user supplies

Location Name
435 SIGAT 1¢ pointing error in degrees (actually
assumed to be 97% probability on Rayleigh.
distribution),
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436 . SIGDV 1a proportional error in velocity (fraction
of midcourse velocity in ervor),
A 1o resolution error of .3 meters/ second is built into the program in addition
to the input proportional error. The user must also supply the probability
(location 1070, in percent) to which he would like the output errors scaled,

agsuming a Gaussian distribution, The output format lists the following:

MC Mideourse execution number,
TIME Execution time,
TFUEL Total fuel variation relative to errorless execution

(primarily caused by trim requirements and assuming
no later midcourse)

PERILUNE closest approach distance error

INCLIN Inclination error

TFLITE Flight time error relative fo errorless execution,

VINFIN Hyperbolic excess speed error relative to errorless
execution.

VCIRC Circular excess speed error relative to errorless
execution,

MC2Z2 Expected correction velocity requirement at a

second midcourse,

The second midcourse correction is presumed to use the same guidance law as
the first. The time of the second maneuver is input via location 440 in seconds

past liftoff epoch.

Midcourse analysis output also includes lunar orbit insertion information compu’r,ed
from the predicted arrival conditions based on a successfil midcourse maneuver
execution, 'The listed output items are:

MC NO Midcourse execution number

RETRO TIME Best retro firing time based on minimum trim fuel

RETRO RA Right ascension of the spin axis for the retro maneuver
ATT DEC Declination of the spin axis for the retro maneuver .
SPIN~-SUN Spin axis-sun angle for the retro maneuver,

TRIM VEL ~ Trim velocity to achieve desired lunar orbit,
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TRIM FUEL  Trim fuel
TOTAiJ FUEL Sum of the midcourse and trim fuel expenditures.
TRACKING Visibility for the retro mé.neuver ~- same format as
VISIBILITY for the midcourse maneuver,
This sample case contains two lines of print at each execution time, The first
line corresponds to the flight time loaded into location 422 while the second line
has a flight time of one hour longer. These times can be verified froﬁ the retro
firing times in the third block output. More than one flight time was used because

the KTF flag in location 1077 was set to two,

A second sample case using the fixed attitude option is shown in Figure 5.2. The
data for this case is very similar to the last except for the special inputs pertaining
to the fixed attitude mode, The KTT flag is set to minus three to specify 3

velocity inerements, The increment in velocity is‘ input in location 479 and its
mid-value input in location 426, The center of the attitude scan cone is the
spacecraft attitude input via locations 47 and 48, The half cone angle is input

via 474, The attitude cone is to be divided in three segments in both right ascension

and declination as specified by locations 1041 and 1042,

The MAESTRO oufput is in the second part of the figure. The input cards followed
by the entire input array is presented first. The fixed attitude scan’follows. The
fixed attitude scan output is divided into blocks pertaining to the midcourse motor

firing time. In each block the following information is printed:

DVM Midcourse impulsive velocity

RTA right ascension of midcourse velocity

DEC declination of midcourse velocity

RCA radius of closest approach at target planet

INC inclination of approach hyperbola w.r.t. target planet's
- equator,

TYFLT time of flight, time since liftoff

ROPA radius at the post-retro apsis opposite approach

pericynthian, assuming a pericynthian maneuver
opposing the arrival velocity,
rcp Total fuel, assuming a2 trim maneuver which circularizes

in-plane at approach pericynthian after pericynthian retro
maneuver opposite to velocity vector,
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TCF total fuel to trim to a circular orhit with the desired
radius. No inclination change made.

Notice that the output consists of a 4~dimensional scan of midcourse control
variables - execution time, midcourse velocity, right ascension of midcourse

velocity and declination of the velocity.
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Table 5.1
Midcourse Motor Thrust/Weight Characteristics

Time since Thrust

Mass flow
ignition (sec) (Newtons) rate (KG/SEC)
0 45,5 0.02404
800 26,6892 - 0,01202
20000 26,6892 0. 01202
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MODE =3
INITIALIZED
LOCATION VALUE DESCRIPTION LOCATION
20-25 - Launch epoch 473
**¥30-35 - initial state 474
or
40-45 475
200-386 - midecourse motor in
engine 1
407 . 68 retro impulsive velocity  *%478
410-419 - observation site longitudes *¥479
*¥420 2838. Desired lunar radius
s _ . ey e
421 59,0 Desired lunar inclination 480-489
422 386000, Desired flight time 490
423 0,62 Desired hyperbolic %491
excess speed
. . 492
424 0,0 Desired circular :
excess speeds
. . 493
434 7200, Increment in execution
time
435 o7 Pointing error 494
.02 i
436 0 Proportional error 495
440 258200, Second midcourse time
*k441 226,0 midcourse motor 18P 496
*%442 282.5 retro motor ISP
*¥443 71,11 Mass of retro fuel 497
1030
k444 2838 desired final orbit radius
ook
*%446 59 - desired final orbit 1036
inclination
447 6000 Desired B-T 1041
448 6000 Deswgd B-R 1042
* inputs for trajectory propagation also set

*¥  required inputs

Table 5.2

Midecourse Analysis Mode %
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INITIATIZED

VALUE DESCRIPTION

13,77 retro drop weight

5 attitude cone angle used
in fixed attitude node

20 true anomaly range usedl
in retro determination
when 1080# 0,

7200, initial execution time

. 0003 velocity increment for
partials or fixed attitud
scan,

- observation site 1atitudel

10, Tolerance on B+T

10, Tolerance on B*R

19, Tolerance on time of
flight

0,001 Tolerance on hyperbolic
excess of gpeed

0,001 Tolerance on circular
excess speed

.02 Tolerance on minimum
total fuel

5, Tolerance on closest
approach

02 Tolerance on inclination,

-1 Output frequency flag.

6 Trajectory propagator
scheme

10 number of right ascension
in fixed attitude scan

15 number of declinations it

fixed attitude scan



LOCATION
1043

1044
1050
1051
#1062
*%1063
1064
*%1065
1066
**1067
1070
1071
**1075
1076
*%1077
**1078
1080
1089
1693

INITIATIZED

VALUE
20

10

100
95

0
0
1234567

Table 5,2 (Cont'd)

DESCRIPTION

number of firings in retro defermination,
used when 1080# 0

MODE flag set to 3

Auxiliary output flag

Number of executions

Miss vector option flag

CGuidance law (1.= min, fuel)

Number of trials to recompute secant matrix
Number of trials allowed

Preliminary targeting done

Limiting factor

Qutput probability

Integration type for midcourse burn

Trajectory propagation method when generating partial derivatives
element sef number of gtate from GTDS program.,
midcourse type flag

overburn option key

retro optimization flag

satellite ID number

plot tape unit number
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INPUT DATA

20
23
50
53
49

4 3=

1044
1051

MIDCOURSE 294ALYSIS SAMPLE

EXECUTION AND PLICH™ TIME

CARDS

6
1
6.

15.
1051,2313
10,141568
3.

5.

1.

-

JAESTRO OUTPUT

DATA CARDS FOR CASE

20
23
50
53
40
43
1044
1951

0.600000000D
0.150030000D
0.607000000D
2.153020000D
N.105183130D
=0.101415629D
0.300009000D
0.500000002D

LUNAR FIELD, NMOD=

INITIAL JULIAN

DATE

MPUT COMMON

i|

8
21
24
38
42
45
43
52
55
102
105
112
115
118
121
127
170
181
201
262
321
332
352
380
383

1,540000800D
3.100003000D
.,100000000D
0.170000000D
0.3333%0000D
3.260425590nN
-0.282736700D
-0.148544276D
0.197300000D
0.4326801200D
0.398603200D0
0,.373186900D
0.232981600D
0.340953090D
0,254840900D
0.706000000D
0,708823000n
0.360000000D
0.130000000D
0.900000000D
G 2d3Uduuvu L
0.266R32000D
1.999°99000D
0,.200000000D
0.120200000D
0.100000000D
0.100000000D

1

1
01
N2
01
02
04
0?2
01
01

0

PICUERR

5.1

21 10.
24 1,
51 10.
54 14,
41 5932.0483
44 3,03071049
063 2.
21 0.,120000090D
24 0.100000020D
51 0.,102000009D
54 1,1403%0990D
41 N,5933204832D
44 0.,30397130418nD
1063 0.220000000D
0 0.0
MMOD= 0

2441844,1352

06
=10
02
01
03
04
01
02
04
02
06
on
na
04
05
06
-04
06
04
03
Uzl
02
03
02
-01
21
21

5
10
22
25
40
43
46
50
53

100
103
109
113
116
119
122
128
171
197
202
Zov
280
322
350
360
381

. 384 .

0.10009291%90D
0.100030000D
0.197300000D
0.325000000N0
0.105183130D
=3,101415£R0D
N.4124241352D
0.6097000009D
0.150000000D
0.216055370D
0,429155150D
1,132715459D
0.6091%63600D
0.714220000D
0,249830000D
0.173800000D

CaAl

SE

STAN

22
25
52
55
47

1971,
3.725
1973,
43,267
26N04,2

559

45=-2,38N7367
1977 2,

02
nl1
02
02
n4
a3
0t

02
21
04
01
04
0?2
05
01
02
01
05
12
N4
05
05
04

0.17554900P=-N3

0.100000000N

0.470000000D-

0,200000000D
V,233784uuvyp
-0.378500000D
0,200000000D

29
04
05
vl
04
05

0.2434000000D=01

0.353200900D
0,100000000D
N_10000000N0D
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01
21
21

22
25
52
55
A2
A5
1077
0

6
2N
272
17
4]
a4
47
51
54

101
134
110
114
117
120
174
134
130
19R
221
20l
281
331
351
361
382
3R5

0.797300009D
1.3?5410000D
0.137300000ND
0,4276830000N
4.760A25591D

=9.,22073670ND
2.7200000090D
D.0

N.190000%9940
0,4000000000
0,151020000D
0,AT24431257n
n.,53710n040Inn
0,3013071049D
N.1633/1729D
N,103000060D
0,740000000D
9,3240°254900
D,13R7IDANOD
n,.A507°7772990D
N,83787550°D
0.575052090D
N, &£2450000ND

N.72571224 1D~
n,.356169950D-

0.152220000D

0,7219900000D
0.,7190000009D
U.Zb08Y 20000
-0.978500000D
0,180000000D

na
Nt
04
no
oA
Nl
0

01
01
02
05
na
01
()‘J
02
02
04
09
nA
na
0%
N4
nA
ne
05
no
02
2
04
02

0,1202007%00D-91

7.3537200000D
0.100200000D

0onnannannn.

07
21

1L N



407 0.630000000D 00 492% 3.,13/000000D 0% 209 0.470007000D 09
410 7.483583260p 00 ALl 1.825536028D D0 427 0,188472510D 01
413 0,2599789241nD 01 414 0.,3707°61990n 0 A15 0.422572A610 N1
416 0,494202256D 03 417 N.5049232198n 01 420 0.293800090D 04
421 0.115500000D 03 422 0.396000000D 026 427 2.,420000900D 09
433 0.135600000pD 05 434 0.720000000D N4 435 n,7003000990 00
436 04.200000000D-03 437 0,7000307000D=-01  A38 0.32200000000-03
433 0.362000002H a5 440 0.259200000D 06 447 0,226090000D 93
442 0.282500030D 03 443 0.7353792000D 02 444 0,722930700D 04
445 0,131436176D 01 446 0.116509000D 02 447 a,£00003000n 04
4483 0.600000000D 04 450 0.100070009Nn 21 440 2,1°0000009D N5
470 0.600000000n 01 471 0.156780005000 00 472 n.,724000000D 02
473 0,123377000D 02 474 0.505930000D 0 475 0.200000020D 02
473 2,720030000n 04 479 0,300000000D-22 4380 -0 ,44917/43727D.090
48%  -0,329923498D 00 482 =0,432101757D 00 483 N _,G19524470D 00
434 0.113133600D 01 485 0./21110613550 00  48A (1,58773( 26710 0N
487 -0.5753538692D 00 49D 0.2000399000D N2 491 0.10909300000 07
492 N.100000000D 02 497 0.1909000000D~03 494 N.,1200000000-07
495 2.200000000D-01 494 0.5000000000 01 497 0,720a7300001 00
501 2.6156000000D 06 502 n,925200000Nn 0 502 0.,5659000000 0F
534 0.480000000p 08 535 4.549000900D 0/ 596 7.511000000D OR
507 0.,.863000000D 08 5308 0.33N023000D 03 525 n.1000000000 11,
510 0,110000000D 06 10023 6.200000000n0 01 1039 0.10910000000 01
1011 0.200000000D 01 1014 0.200200000p 01 1015 0.739190900000 M
1017 9,500000002D 01 1018 0.169003290D 01 1079 0.100599700%0 N1
1623 0.100030000D 01 1020 =0,100220000D 97 10731 0.179200000D 092
1032 0.2000002300D 01 10325 0.120999339D 01 1936 0.670009000%D 01
1039 0.3000000000 01 1040 0.200090%00D 01 1941 1.,1002000000 N2
1042 0.150000000n 02 1043 0.,23100%0000D 02 104 0.20009%3N00D N1
10483 0.103000000D 01 1051 0.500000000D 01 1057 0.70000003200 01
1053 0.500000000D 02 1054 0.1700020000D 02 19455 0.,100905000n N1
106D 1.1000000000 D 1061 0.,1100002000 02 1062 0.200000000D 01,
1063 0,200000000D 01 1064 1.100300000D 01 1055 0.3179000000D 02
1066 2.,100000900D 02 1067 0.190000000D 03 19519 D.60000N0000D 01
1069 2.300000000D 01 1070 0.953000000D 02 1071 0.600009000D 01
1075 0.600000000D 01 1077 0.2000000090 01 1083 0.119000000D 02
1088 0.123000300D0 02 1089 0.123456700D 07

NO=HIDCOQURSE APPROACH COMDITIONS
RC2, THC TCA C3 TRACKING
(K1) {DLG) (HRS) (X2/82) JTCOFRGS

40014, 175,77 103,33 0.7682 86100007

MIDCOURSE CORRECTION ANATYSTS
ANCHOR VEOTOR EPGCH
15,.HR 14 LI 43,2698EC
FIXED TIME OF ARRIVAL GUIDANCE

HC  TIME  MAG. FUEL BURN  R,A, DEC. SPIN~ MIN 2T TPACKING
10 (HR) (M/SEC) (KG) TIMY (DEG) (DEC)  Sud Sud CHNG VISTIBILITY
(MIM) (DEG)  {(pEA)  (PEG) TPONFRAS

1 2.00 45,13 6.72 5,09 14,22 26.89 57,69 4,728 148,92 72200000
2.00 57.11 8.48 6,61 1.58 16,39 71.83 16.03 162.4 78300000
4,n) 582,14 8,63 5.74 25,55 28.18 46.76 2.27 137.9 92200000
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4 4,00 66,5 9,91 7.9 16.41 22.05 56,17 5.52 147,98 392090900
5 6,00 67.64 10.02 8,02 232,69 28,51 41.42 1,73 122,.5 86900002
6 6,00 75,06 11,10 9.07 23,99 24.06 43.70 2,55 143 .7 RA000007
7 2.00 75.67 11.19 9,16 35.61 28,61 13,05 1,472 179,71 64700004

8 8,00 82,42 12.17 10.16 28.87 25.07 43,74 2,68 174,72 £4300004
g 10,00 82,90 12,24 10,23 39.40 22,61 135,87 1.724 176,6 21900227
10 10,00 89.23 13.16 11.22 32.3% 25,65 42,12 2.2 17,1 31000227

EXEC ERRCRS: 0,10 /S RES, 0,070 prop, 0,790 DEC POTNT. (2ALL 1 STAMA)
HISS=-VACTOR HEROE STATISTICS 952 PROBARILITY

HC TIE TrUEL PRTILUNE INCLINN TFLITE VINFIM VCOITC M2 PrRL2
(11e) (X01) (x21) (DEG) (370) (r1/8)  {2¢/8)  (M/8) (%63)

1 2,00 2.87 531.1 16,878 §94.,7 1.02 1.77 15,645 2,70

2 2,00 4,64 34,4, 19,787 g44,8 2.95 2,77 19,07 2,67

3 4,00 4,09 550.5 16,472 714,83 2.99 1.94 15,71 2,77

4 4.00 3.58 616.8 18,072 2136.8% 3. 8R 2.2° 14,99 7.45

5 6,00 4,58 569,9 156,259 759.,0 2.99 2.0% 15,74 2.21

6 6,00 4,22 622.7 17,457 876, 1 3,71 2,45 16, 2.25

7 8,00 5.35 5%9.6 16.175 ANR,9 3.990 2,27 15,67 2.74

‘8 R”.00 4,99 £35.8 17,122 8923,8 2,74 2,59 16,40 2.25
9 10.00 6.09 609.,2 16.029 859 ,4 2.07% 7,77 15,89 72,77

10 10,00 5.73 £51,6 16,904 9713,0 3, 4 2.7 15,58 2,17

ORBIT INSEPTION INFORMATICN

MC RETRO  RETRO AT SPIN- MIN TRIF TrIr TOTAY,  TPACKIMG
o  TIME R. A, brEC. SUN S Vil ™mEL FI'El, VISIBTLITY
{HR) (L13C) (DEG) (DEC) {(rus) (/80 (R9) (Xr3) JTCOPRGS

1 110,090 13%.78 -29.57 75.7°0 26,24 29,46 3.72 0,94 100N e
2 111,92 138.51 -29.52 74,95 45,06 22,95 2,50 11,08 99000737
3 110,090 138.76 -29.53 75.16 20,73 24,717 ?.,h4 17,78 N0000D33A
4 111,00 138,45 -29,46 74.88 31,09 2n.,40 2,70 17,11 0701001337
5 110.90 138,73 -29.53 75,14 18,75 29,58 2,27 12,74 00099171389
6 111.00 138.42 =-29.50 74.88 26,04 14,74 1,897 17,90 03000237
7 110.00 138,69 =29.52 75,11 156,93 17,79 .86 17,05 999203138
2 111.30 138.37 =-29,53 74,86 23,26 13,45 1,440 Y /1 Na0N%37
9 110,00 138.64 -29,52 75.0% 15,95 14,25 1.5 12,77 00000330
10 111,70 138.32 -"9.,54 74,83 21.44 10,78 1.1 124,796 02900317
WO JMORE DATA, RUN TERMIMATED



INPUT DATA

TIGURE 5.2

MIDCOURSE ANALYSIS SAMPLE CASE

FIXED ATTITUDE SCAN

20 6, 21 10. 22 1973,
23 15. 24 1, 25 3,75
50 6, 51 10. 52 1973,
53 15. 54 14, 55 43,240
40 10531,8313 41 5932,0183 42 2£04 2550
43-13,141568 44 3,03071049 AS-2,8073587
1044 13, 479 .01 10n77-3,
1051 2. 47 52, AR A2,
426 .045 1041 3. 1042 3,
474 5,
MARSTRO QUTPUT
DATA CARDS FOR CASH 1
23 0,150000000D 02 24 0,100000000n 01 25 0.7325000000D
50 0,500000000D 01 . 51 0.100000000D 02 572 0.197310000D
53 0.150000000D 02 54 0,.140000000D 02 55 0.432680000ND
40 0.105183130D 04 41 N,593204830D 04 42 D.260A25590D
43 ~0,101415683n 02 44 N.303071049D 01 AS =N _280738700D
1044 0.300000000Nn 01 479 0.100000000D=-01 1077 =0.200000000D
1051 0.200000000D 021 47 0.520000000D 02 43 0.,4200000000
426 0,450000009D~01 1041 0,300000000D 01 1242 0.300000000D
474 0.500000000D 01 0 0.0 0 0.0
LUNAR FIRLD, NMOD=*%%* MMOD=¥%%
INITIAL JULIAN DATE 2441844,1352
INPUT COMMON
4 0.540000000D 06 5 n1.100000000D 01 6 0.,100000000D
8 0.,100000000D-10 10 7.100000000D 21 20 0.A00000000D
21 0.100000000D 02 22 n,197300000D 04 23 0.,150000000D
24 0.100000000D 01 25 0,.325000000D 01 37 D.A12441257D
38 0.,333350000n 03 40 0.105193130D 04 41 nN.593204830D
42 0.260425590D 04 43 =0.1112415680D 02 a4 0.302071049D
45 =0,280736700D 01 46 0,A418443352D 05 47 0.520000000D
43 0,420000000D 02 50 0.600000000D 01 51 0,100000000D
52 0.197300000D 04 53 0.150000000D 02 54 7.,140000000D
55 0.432680000n 02 100 0,2168553200D 01 101 0.324835400D
102 0.39R8A03200D 06 103 0.429155150D 05 104 0.126710600D
105 0.379196900D 08 109 0,132715450D 12 110 0.490277790D
112 n.232921500Dp 04 113 0,60984300D 04 214, 0,637216507% D
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01
04
02
04
01
N1
0?2
01

01
0l
02
05
04
g1
02
02
02
06
ng
04
na



115 0.340953000D 04 116  0,714220000D 05 117  0.575050000D 05
118 0.254240000D 05 118  0,249830000D 05 120  0.634500000D 04

121 0,706000000D 06 122  0,173300000D 24 1926  0,729712361p-04
T3 n.“'!nnnﬁqnnr)h_qn 170 n.'l'n:o:_.lnnnn_no 134 n.ﬂ-:f‘!rlnq-qn._nf-
170 0.350000000n 06 171 0.193000000ND 20 180 0.,3120000000D 0°F
181 ALYenNanngoon 04 197 0.A4700000000D-04 190 0.210000020D 00
201 0.,900000000D 03 202 n.,200000000D 05 221 N,1900000000 02
222 £.200000000D 02 260 7.5331784000n 02 2A/1 N.766°932000D 02
262 0.2669292000D0 02 280 -=0,978500000n 04 281 =0,978500000n N4
321 n,900000000D 03 322 0.200000000n 05 331 0.,190000000D 07
332 0,200000000n 02 350 0.240400000n-01 351 0.3120200000D=01
352 0.1202000000-01 360 0.353200000D N1 3R”1 0,353200009D 01
380 0.100000000D 21 381 0.,100000000D 21 382 0.10n0000000D 21
383 0.,100000000D 21 384 1.100000000D 21 1315 n.,100000000D 21
407 3,A20000000D 00 408 0.136000000p 09 AN9 0.2000000012D 09
410 0.483583263D 00 411 0.825526029D 00 412 N,122472510D 01
413 0.259972941D 01 414 0.373861990D 01 Al5 0,.483672451D 0]
416 0.494202256D 01 417 N.504982188n 01 429 0.283300000n 04
421 0,116500000D 03 422 0.326000000D NG A23 2.:20000099D 00
426 0,450000000D=01 433 0.135600000D 05 434 ¢.720000000D 04
435 0,700000000D 00 434 0.200000000Nn-01  A37 0.79N0a0000n-01
438 n,300000000D-03 439 0.36800000000 N5 440 0.259200009n 06
441 0.226000000D 03 442 0,282500000D 03 4473 0.705792000D 02
444 0.233800000D 04 445 0,13143617AD 01 24F N.114500000D 07
447 0.600000000D 04 4497 0.600000000D 04 450 a.150000000n0 2%
460 n.120000000Nn 05 470 0.600000000D 0) A7) 0.157300000D 00
472 N.204000000D 02 473 0.123377000D 02 A74 0,500000000Nn 01
475 0.200000000D 02 478 0.720000000D 04 479 1,1000003000D-01
480 =0.449174131D 00 481 -0.1329923498D 00 482 =0, 432101757D 00
483 -0.619A24470D 00 484 0.113139600D 01 485 N.FII0A355D 00
ARG 0.A77362671D 00 A”7 ~0,57553R692ND 00 400 0.,1000000000 07
491 0,100000000Nn 02 492 0,100000009D 02 43R 0,130090000D=-03
454 0,100000000D-03 495 N,200000000N=01 494 0.5000903N0D 01
497 0.200000000D 00 501 N,616000000N 06 502 0.325000000N 0A
5013 0.565000000D 06 504 0.482000000D 08 505 0.540070000D 0]
506 0,512000000D 08 507 N.860000000D 083 5092 0.33n0009000D 0R
509 0.100000000D 11 510 0,1100000000 06 1003 N.200000000D 01
1010 0.100000000D 01 1011 0.200000000D N1 1014 0,.300000000D 0L
1015 7.300000000Nn 01 1017 N,500000000n 01 101 N.100070a000 01
1019 0,100000000D 01 1023 0.100000000D 0 1N30 -=0.100000000D 01
1031 0.110000000n 02 1032 0.200000030D 01 1035 N,1000800000D 01
1036 0.600000000D 01 12039 0.300000000Rn 01 104D 0.200000N00D 01
1041 0.390000000n 01 1042 (t.300000000D 01 1043 0.210000000D N2
1044 0.300000000n 01 10438 n,1n0020000D N1 10371 7.200000000D 01
1052 0.200000000D 01 1053 0.,500000000N 02 1054 n.1700090000D 02
1355 1.100000000D 01 1060 0.1050000002D 01 1061 1.110000000D 02
1062 0.200000000D 01 1963 0.299000000D 0 1164 0.100000000D 01
1065 0.100000000D 02 1066 0.100000000D> 01 1067 N.100000000D 03
1068 0.600000000D 01 1069 0.300000000D 01 1070 0.950000000D 072
1071 0.600000000D 01 1075 0.502000000D 01 1077 =N,300000000D 01
1083 1.110000000D 02 10889 0,.120000000D 02 10839 N.123456700D 07

FIXED-ATTITUDE SCAN AT 2,00 HOTRS

DVM RTA LEn RCA INC TFI,T ROPA rcp TCF
35,000 47,000 137,000 3271.1 133,96 108,59 3370, .22 15.93
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35.000
35.000
35,000
35.000
35.000
35.000
35.000
35.000

DVM
45,000
45,000
45.000
45,000
45,000
45,000
45,000
45,000
45,000

DVM
55.000
55.000
55,000
55,000
55,000
55.000
55.000
55.000
55.000

DVM
35.000
35,000
35,000
35,000
35.000
35.000

DVM
45,000
45,000
45,000
45,000
45.000
45,000
45,000
45,000
45,000

DVM
55.000
55.0090
55.000
55.000
55.000
55.000

55.000

47,000
47,000
52,000
52.000
52,000
57.000
57,000
57.000

RT A
47,000
47,000
47.000
52,000
52.000
52,000
57.000
57.000
57,000

RTA
A7,000
47,000
A7.000
52.000
52,000
52,000
537.000
57,000
57.000

RTA
52.000
52.000
52,000
57.000
57.000
527.000

RTA
47,000
47.000
47,000
52.000
52.000
52.000
57.000
57,000
57,000

RTA
47.000
47.000
47,000
52.000
52.000
52.000

57.000

42,000 3896.7
47,000 4749 .3
37,000 3049.,5
42,000 3673.2
47,000 A524,0
37.000 2954,5
42,000 3578.7
A7,000 4431.8
NEC RCA
37.000 5900.,6
42,000 5441,9
47,000 4823,7
37.000 £143,0
42,000 5638, 3
47,000 4957, 8%
37,000 §152.9
A2,500 5632,9
47,000 A9139.,7
NEC RCA
L37.000 18913.,4
A2,000 175913,0
47,000 15951, 4
27.000 191381,.8
42,000 18115,5
47,000 16321,3
37,000 19402 .1
42,000 18132.6
47,000 16335,2
PIXED=-ATTITHDE
DEC RCA
37.000 12113,8
42,000 12771.6
47,000 13647.3
37,000 11707.1
42.000 12391,1
47,000 13295.,7
NEC RCA
37.000 5349,9
42,000 6£172,.3
A7.000 72138,7
37.000 4770.3
42,000 5623,5
A7,000 6710.5
37.0900 4371.5
42,000 5237.A
47,000 6339.6
DEC RCA
37.000 2753,9
42,000 3250.5
47,000 - 3R66,7
37,000 2810,0
42,000 32n4.,7
47,000 3713.3
37.000 2871,.3

135,24
13%9.66
132.41
135,03
138,78
132,32
134.99
128,79

ING

39.62
45,42
53,79
37.77
43.46
51,63
37.02
A2.7]
50.92

Inc

20,63
23.02
26,20
19,97
77,32
25,44
19.62
21,97
25,09

SCAN AT

INC
165,09
163,99
163,24
165,04
163,92
163,17

Ine
146,25
JAG5.64
146,02
144,40
143,97
144,68
143.05
142.R2
143,78

TN

20,68
248, R1
98,22
72,83
R2.10
92.78

67,59
63

108.57
108,55
101,46
108.45
108.43
102,31
109,32
108. 31

110.97
110,69
110,23
110,80
110,53
110,17
110.65
110,39
120,03

TEFLT
113.926
113.58
113.19
113,74
113.47
113.20
113,55
113,730
112,913

4,00 HOM

TFIT
107,93
n7, 85
107.76
177,78
107.72
107,64

TFLT
108,47
108,44
R, 39
108,25
108,25
108,22
108,03
102,085
108,04

TFLT
109,20
109.12
109,00
109.02
1ne,98
109,85

132,91

3548,
ANN2,
35513,
3915,
3224,
3514,
3820,

ROPA

4l64,
4034,
3347,
42137,
AN9E,
3Ran,
4241,
4096,
3nng,

ROPA
ah s,
6506,
6723,
aoRQ,
A5R2,
£290
67900,
6591,
308,

RS

ROPR.

50095,
7].7]—.
7549,
65749,
7012,
7418,

ROPA

a128,
4497,
1283,
3970,
4297,
A790,
3317,
4152,
A572,

ROPA

3027,
3253,
3514,
3081,
3232,
3452,

3n79,

7.28
10.07
7.51
6,29
9,43
2,28
5.22
8.1?

rOp

15,59
14,64
13.175
16,01
15.97

13.41

16,01
15,01
12,34

FCP

23,12
272,085
22,91
23,12
23,05
22.91
23,09
23.07
22,89

roP

15, 44
15,43
15,736
15.38
15,219
15,34

FCP

13.24
14,62
15,20
11,97
13.71
15.23
19,69
12,92
ra, 74

FOP
11.55

8.19
11,13
11,10
?, 46
10,47

10,64

23,62
31,31
12,63
21.15
20,55

11.12
20,013
29,78

TCOR

38,29
35,82
31.86
30,419
36,99
32,91
39,572
368,97
32.%0

TCR

59,43
S.Q.-oﬂ
57.19
59,85
59,11
52,15
59.69
59.13
58,17

cr

55.57?
56.41
57.48
54,97
55.95
57,11

TCF

36,42
an,91
25,31
37,52
32,07
23,32,
29,13
35,70
41,75

TCF

11.51
17.43
25,04
11,0R
16,76
23,35

11,46



Section 6
MONTE CARLO ANALYSIS MODE

Thiz mode is used to determine the probability of satisfying varicus mission
constraints. The probability is determined by flying many samples along a desired
mission flight plan with errors applied at each control point. A typical mission
flight plan could consist of the following:

1, Apply iracking errors to anchor vector and fly to first
midcourse time,

2, Determine first midcourse correction, apply errors to the
correction,and fly to second midcourse execution time,

3. Determine second midecourse correction, apply errors to
the correction,and fly to the Moon,

4, Determine retro motor firing time and attitude, Apply
errors to retro and burn retro,

5. Determine trim fuel to satisfy mission constraints.

The extent of the migsion flight plan is determined through the KMONTE flag
in location 1052, This flag is defined as follows:

KMONTE =3 Two midcourse corrections and retro
{as described above)

KMONTE =2 One midcourse and retro
KMONTE =1 Retro only

As the misgion progresses in real time,a peoint will be reached where the errors
in the tracking data will reach a minimum, At this time,the next correction or
retro should be determined for the anchor vector and this correction applied to
each sample, The subsequent maneuvers are determined in the usual manuer,

The KMONTE flag is set negative to use the program in this mode, -

The error model is discussed in reference 1. Simply, one sigma errors in the
point angle and velocity are input for both the retro motor and midcourse motor, '

The midcourse motor also includes a .1 meter/sec. resolution error,

The uger also has the capability of retrieving the state at the beginning of each

sample, When the KM'TOUT flag (location 1074) is set to one, the initial state
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will be output. The output will be position and velocity vectors in the Earth mean
eguator and equinox of 1950. The random number generator will also be oulput.
A Monte Carlo analysis can be restarted at any sample by the input of the random

number generator in location 1054.

The inputs for the Trajectory Propagation mode and the Midcourse Analysis are
also preset for this moda. A guide for the use of this mode is presented in
Table 6.1. This table presents the preset values of the inputs pertinent to the
Monte Carlo Analysis Mode.

A sample of the Monte Carlo Analysis is shown in Figure 6.1. The first part

of this figure is the input data. For this run the initial state is loaded as position
and velocity vectors in location 40-45. The initial time and liftoff epoch are in
locations 50-55 and 20~25, respectively. A covariance matrix is loaded in locations
56-91. This matrix represents the injection errors of the launch vehicle, KMONTE
is set to 3 in location 1052, the sample size set to 3 in location 1053, the auxiliary

output flag is set to 1 in location 1074, and MODE set to 4 in location 1044,

The first part of the program outpit consists of a liéting of the input cards followed
by a listing of the input array including preset values. The Monte Carlo analysis
follows the listing of the input array. This output consists of descriptions of the
maneuvers and pre-trim orbit for each sample. A map describing tl.le outputs

is presented at the beginning of the run, The quantities printed are the fuel, its
mean and stan.dard déviation for midcourse 1, midecourse 2, trim 1, irim 2,

trim 3,and remaining fuel, The first two trim maneuvers are associated with

the Hohmann transfer maneuver to correct radius and eccentricity. The third
trim is the plane change maneuver to correct inclination, The spin axis-sun angle,
its mean and standard deviation are also presented for midcourse 1, midcourse 2,
trim 1, trim 2, trim'S,and the retro. The following lines of output present the
pre~-trim lunar orbit conditions, their mean values and their standard deviations,
The pre~trim orbit conditions printed are apoapsis radiug, periapsis radius,
eccentricity, argument of perigee, inclination, longitude of the ascending node,

true anomaly and time of retro fire.
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A statistical summary of the quantities mentioned above is presented at the
end of the run, This summary contains the mean value, maximum value

encountered on any sample, minimwm value encountered and standard deviation,
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Table 6.1
-Monte Carlo Analysis *

MODE =4
' INITIATLIZED INITIALIZED
LOCATION VALUE DESCRIPTION LOCATION VALUE DESCRIPTION
20~25 - launch epoch 475 20 retro firing range when
*%30-35 _ initial state finding retro conditions
or #1044 - Mode set to 4
40-45
**¥1052 2 trajectory profile flag
**56-76 - covariance matrix )
*%1053 50 sample size
**435 .7 midcourse pointing error
: *%1054 17 random number generator
**436 .02 midcourse velocity error N
(percent/100) 1074 0 initial state ouiput
*%437 .07 retro pointing error 1076 - Element set no. to get
initial state from GTDS
**438 . 0003 retro velocity error program
(percent/100) s
1080 0 retro optimization flag
439 36000, first midcourse time ) .
1085 0 covariance matrix input
440 324000 second midcourse time system
441 228. midcourse ISP 1089 1234567 satellite ID number
**442 282.5 retro ISP 1090 0 director's display write
**443 71,11 Mass of retro fuel
**444 2838 desired final orbit
radius
*%446 59 desired final orbit
inclination
449 0 tolerance band or
inclination correction
*¥4T72 20.4 total midcourse fuel
available
473 13.77 retro drop weight

*  inputs for a midcourse analysis also set
** required inputs
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PICTRE R

HOWTE CARLO ANETVSEIS Srbrin Mr5D
IWAPI™ Mrrns
20 £, 2110, 272 1073,
27 15, 24 A0, 25 43,
50 7. 51 1n, 52 19713,
52 15, 54 489, 55 51,585
A 1220,32175 41 5938,4128 42 2607°,72073

43-1n,7133e22

41 3,Nn100R1A]

45-7,9209959
59-,5051703%
Rle_ 710023777

L ATIRORA

L2314 0020
T3=, IA3N0EDT

D=1
=172

N7

n=n1
.’\_f}3

554 ,71327367 » 91 37 L,£7581337 N A0
58 ,7ARTeN27 n=? €2, 10059005 S29]
A2 TATAMNTA DAL £0- 10048058 o)
GA . TZANNNDS M= A5 L2FIATAT =N 54
A= L PFGRARTT N N
FP=, 51775037 1)) A0 U2R595222 Mwn? 71
71 LTUAINETE =03 77 .257%3137% =9
74 .1311311A4 N=-07 75 LINDPARNTY D=0R
74 .13191929 n=02
1044 2, 1053 13,
1952 13, N66 0,
1087 1.
IZESTRG OUTPTT
DRLA CRRDS FOR CASEH 1
20 n.637000000D 01 21 n,1nanN019030 02
22 1,159000000D 02 24 N,400000000D 02
50 0.600000000D 01 51 0.1700000000 02
573 n.150000009D 02 54 n,490000000D 02
40 0,107052175D 04 41 0.5902412%0n 04
4% =0,100932220D 02 A4 0,301896141D 01
56 0.213073670D 01 57 0.625913870D 00
5% f,785780220D~02 60 N,1006999850D=01
£ 0,161041740D 01 €3 -=0,194482880D~02
64 0,744000950D~02 65 0,271672410D-01,
67 0.249695230D 01 0 0.0
67 =0.,617269570D=02 69 N,.265852330D-02
71 0.234106760D=03 72 0.253613700D-03
7£ 0.131131140D-02 75 0,102460220D-03
7€ 06.130219290D=02 0 0.0
1044 N.,.A00000000D 01 1053 n.200000000D 01
1052 0,379000000D 0 1066 0.0
1980 0.100000000D 01 0 0,0

LUNAR FIELD, NMOD=**%

MMOD=**%*

INITIAL JULIAN DATE 2441844,1596
INPUT COMMON

&
£
21
24
38
42
45
48

0.540000000ND 06
CL.louuuodnon-10
0.100000000D 02
U.4u00uvudidy 02
0.3333%0000D 03
0.2R0220730D 04
=0.233092520D 01
~C.155461363D 02

5
10
22
25
40
43
46
50

N.100000000D
0.100000000D
0.197300000D
3.433333328C
0,102052175D
-0.1003R8220D
0.417441596D
0.600000900D
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01
21
04
gz
na
02
05

20
23
37
41,

44
47
51

0.1927339290D 04
0.4300000%90D 02
1,.127300%00D 04
3.515850000D 02
0.760220739D 04
-2.793092520n 01
-0 .505178350D-N1
-0.71n833830D-02
0.9
0.7247159540D=-n2
0.0
N.,7812485309D~-01
-0.343006270D-03
0.0

o000

DD oD

0.109000000D
8.6002000000D
0.150000000D
0.412441533D
0.523841280D
0.7201826141D
0.163343601D
0.100000000D

01
ol
nz2
05
04
01
03
02



52 0.197300000p 0z 52 0-150030000n8= o 5 E . 1 0n 08
55 §.515850000D 02 56  0.213973670D 01 5 16953133707 2
sh  -0.505178850D-01 59  0,78580720D-02 60  0.100683830N~0°
\ ) 3 =0 ,1924R%8820N=-02
£1 -0.710739830D~02 62  0.1610£1740D 01 63 192428320007
64  0.742000950D-02 65  0.271672410D-01  GE  0.74TI5T000 07
67 0.249695230D 01 68 =0.A17269570D-02 69 0,7658373 5107 %
70 0.281489300Pp-0L 71 0.22£10§750D-03 75 C.AR3EITLNOT
73 -0.343006270D-03 74  0,131131140D-02 75  0.7074007 0
76  0.130918290D-02 100  0,216855300D 01 101  0.7248354
102 0,398603200D 06 123  0,429135130D 05 104  0,126710600D 09
105 0.379194909p 08 109 0,132713459n 12 110 0,490°77790D 04
112 0.732921600D 04 113  0.609963600D 04 114  0,A27316503D 04
115 0.240953000D 04 116  0,714220009D 85 117  0.575050000D 05
118 §.254840000p 05 119  0,249830000D 95 120  0,£34520009D 04
121 0.706000000D 06 122 0.173200000D 04 176 0,720°12361n-04
127  0.709520000n-04 128  0.175854907D-03 134  1.766169950D-05
170 0.360000000D 06 171  0.100000030D 20 180  0.139000000D 05
181  0.180000000D 04 197  0,470060000D=04 198  0,210000000D 07
501 0.500000000D 03 202  0,200000099D 05 221 9,130990009D N2
222 0.200000000D 02 260  0.533734000D 52 261 0,766°3°000D 02
267  0.266932000D 02 280 =0,978500000D 04 281 =N.97R500000N 04
321 0.400000060D 03 322  0,200000000D 05 231 0,190000000D 02
337 0.200000000D 02 350  0,247400000D-01 251 0.720200000D-01
357 0.1267°00000D-01 360  0,.33200000D 03 38}  0,353°00000D 01
380  0.100000000D 21 381 0.100000000D 21 382 0,100000000D 21
383 0.100000000D 21 384  0.100000900n 21 385 0.190007000n 21
207  0.680000000D 00 408  0,136§000000D 09 409 0.400070000D 09
410  0.423593263D 00 411  0.825596023D 00 412 0,192472510D 01
413 0.259978941p 01 414  0.3709/1990D 01 415 0.483672461n 01
416  0.424202256D 01 417  0,50498218%3p 01 420 0,°83300000D 04
421 0.116500000D 03 422  0,395000000D 06 422 0,20000000D 00
423 0.135A00000D 05 434  0,720000000D 04 435 0,700000000D 00
135 0.200000000D=01 437  0,700000000D=-01 433 0,200000000D-03
4329 0.360000000D 05 440  0,253700000D 0€ 441 0,275000000D 03
422 N0,292500000D 02 442 0,705722009D 02 244 0,282R00000D D4
435  0.1314361760 0L 446 0.11IASN0000D 93 447 0.£0000N000D 04
448 0.60000000ND 04 450  0,100000000D 21 460  0.730020090D 05
470 0.600000000D 01 471 0,167800000D 00 472 0,2040000001 02
475 0,123277000D 02 474 0,500000000D 01 475 0,300090000D 02
475 0,720000000D 04 470 0,300000000D-03 480 =0,449174131D 00
481 -0.329973498n 00 482 =0,432101757D 00 483 =0 ,A10484470D 09
484  N0,112132500D 01 485  0,A111061356D 00 486  0,E77362671D 00
487 -0.57553R6972D 00 490  0.1A0900000n 42 49} 0,190000000D N2
452 0.100000000p 02 493  0,100000000D=03 494  0.109000000D-13
495 0.200000000D-01 496  0,500700000D 2) 297  0,200000000D 00
501  0.616000000D 06 502  0,925000000D 06 50  0.565000000D 0F
504  0.480000000D 08 505  0,540000000D 92 506  0.510000000D 08
507 0,860000000D 08 508  0.330000000D 88 509  0.100000000D 11
510  0.110000000D 06 1003  0.200000000D 01 100  0,100000000D 01,
1011 0.200000000D 01 1014  0.300000000D 03 1015  0,300090000D 01
1017  0,500000000D 01 1018  0,100000000D 01 1019  0,100000000D 01
1523 0.100000000D 01 1030 =0.100000000D 01 1031  0.110009000D 0?
1032 0.200000000D 01 1035  0.100000000D 01 1036  0,600000000D 01
1939 0.300000000D 01 1040  0.,200000000D 01 1041 0,100000090D 02
1042 0.150000000D 02 1043  0,210009900D 02 1044  0,400000000D 01
194%  §.100000000D 01 1051  0.100000000D 02 105>  0,300000079D 01
1053  0.300000000D 01 1054  0,170000900D 02 1055  0.1500000)0D 01
1060  0.100000000D 01 1061  0.110000200D 02 1062  0.200000030D 01
1063  0.200000600D 01 1064  0.100000005D 01 1065  0,100000000D 02
1067  0.100003000D 03 1068  0.60A00000D 01 1069  ©.300000003D 0
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1070
100
1388

n.850090000D 02 1071
1,103000000D 01 1083
0,123456700D0 07

MONTEFARLO ANALYSIS

ANCHOR VECTOP EPOCH
15,HF 49 (MIN

S2HPLE SI7E = 3

FIRST MIDCOURSE AT

SECOHWD MINOURIE AT
MINCOURSE CUIDAMCE LAW

1 SIGMA MIDCOURSE POINTING ERROR =
1l SIGMA MIDCOURSE
1 SIGHA RETRO POIMTINCG ETROR =

0.6000000000 01 1075
0.,1100700N00D 02 1083

LELOCITY ERROP =

0,5000900000 01
0,120000000D N2

51,8258EC

10 ,.00HPS
72,00HFS

2

0.7 DEAREES

2.0 PERCENT
N.07 DEGREES

1 SIG'A FETRO VELOCITY ERROR = 0,073 POROFNT
TRACKING COVARIZNCE MATRIV

0,.,217227n 01 0,6R5°11 00=0,505%97-=N1 0, 7R578M=02
0.#85°3in 00 0,16304D 01-0,1944930-02 0,7440002-07
~0.53518N=-01-0,12440n-02 0,24370P 01-0,61727D-07
0.785780=-22 0,74400D=-02-0.F1727m=02 N ,232411N=-03
0.10063D-01 2.27167n=01 0,.265R5N=-02 0,353°1D=-07
=0.710440=02 0,24716D~02 3,28249Dn~01~0,24303--03

OUTPUT FORMAT

MCY MC2 TRIM], mMRTID
FUET, FUBL PITL FUSTL
(K¢) (K3) (53) (X33)
MEAN MEAN MR AN MEAN
riiEL HE2 TRIICL TRLMZ

TUEL FUEL FUEL
STGMA SIGMA STGMA SICMA
MC1 C2 TREL MRTID
FUEL FUEL FURT, FURTL
MC1 ter) TRIMY TRIM?

SPIN-SUN SPIN-SUNM SPIN-SUN SPIN=-SUN
(DEG) (DESG) (PEC) (DIG)
MEAN MEAN MEAN MIT AN

el MC2 TRII"L TRIM?

SPIN~SUN SPIN=SUN SPIN~SUN SPIN-SUN
SIGMA STIGMA SIGMA SIOMA

STeh) B lay) TRIML TRIMND

SPIN-SUN SPIN=-SUNM

SPIN-SUN SPIN-SUY
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0.109003D=-01-0,71094D-0"7
0.,271ArTN=11 0,747761=07
0,2£R85D=-02 0,731/8"n=-N"
0,756 1TN=0=0, 2430

0.731130=-32 0,19246D~-1 ,
0,10246D-=03 0.1.30937°N=07

TRIN3Z FIIRT,
PIIRT, RRATIING
(K (K3)
MP2AN RITAN
TRIM3 YunL
TURL REMAINING
SIR SINAMA
TRIN3 mIRT,
PURL REMAINING
TRIM3 RETRO
SPIM=8UN SPIN-SUM
(PER) (NEG)
MEAN MPAN
TRIM3 RETRO
SPIN=SUN SPIN=SUN
SIGMA SIAMA
TRIN3 RETRO
SPIN=SUY SPrIM-Suw



RA
(KM}

MEAN
RA

SIGMA
RA

TRUE
ANOM
(DEG)

MEAN
TRUE
(DEG)

SIGHA
TRUE
(DEG)

SAMPLE 1

2,181
2,181

n.0
138,186
138,184

0.0
3216, 3
3216.3
0.0
-0, 240
-0, 340

0.0

SAMPLE 2
‘ y.121
5.651
3,470
142,350
140,268
2.082
3069, 7
3143.0
73.3
-0.710
-0.525

0.185

PRE-TRIM
np
{Ki4)

HEAN
RP

SIGHMA
RP

RETRO
FIRE
(HR)

MEAN
RETRO
(HR)

STIGMA
RETRO
(HR)

0.0R4
0.084
0.0
11.304
11,704
0.0
283€6.6
2836,6
0.0
109.848
109.848
0.0

0.180
0.132
0.048

135.1391%
73.351
62,047
2838.5
2R837.5

1.0
109.846
109,847

0.004

LITNER ORBIT

ErCEN

MEAN
ECCEN

SIGHMA
ECCRED

0.018

0.018

0.0
112,142
112,142

0.0
0.N6274
0.,06274
0.0

0.006
0.012
0,006
6R.023
20,082
22.059
0.03913

- 0.,0503%4

0.01180
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AOP
{DEG)

MEAN
AOP

SIGHMA
aA0P

4,529
A,529
0.0

112,132

112,132
0.0
121,270
121,270
2.0

o B = ¥ s

AR R R V]

3.699

0.830

112.977
112,055
0.077
141,467
141,368
0.099

INOLIN
(NER)

MEAN -
THCTLIN

SIcrA
INCLIN

0,054
0.054
0,0
119,137
119,139
O.n
114,523
114,523
Oﬂn

2.041
0,047
0,206

60,738
82.938
29.200

116,483

116,502

0.320

LAY
(NEG)

MEAN

LAN

SIGMA
LAN

13,534
13,534
0.0
67.6h5
67.666
0.0
-74,747
-74,747
0.0

8.183
10,959
2,575

67.422
67.545
0,121
-74,589
~74,66%
0.079



SAMPLE 3

4,476 0.475 0,082 3,048 0.001 11,572
5.260 0.246 nN.%135 3.747 0,032 11,080
2.887 0,166 N.N33 N,682 0.N73 2.207
25,714 153,209 68.197 111,813 AO,687 ~7,434
102,022 89%.970 R2,784 111.274 gn, 188 67.509
54,028 63,117 20.759 0.130 27,542 0,111
31154.1% 2844, 4 0.05174 141,666 116.500 =74 ,527
3146,9 2239.,8 7.05129 141.46% 116,507 ~74,624
60,1 3.4 N.0NTES 0.xeo N..017 n.098%

0.176 0.004

PROBABITLITY QOF GrTISFVING
SUFFICEENT MAMTUVER FUEL = 190,190 PRTCENT

STATISTICRT, Sriliany

RO g e STmea

MCY1 FUZTT, 5.26 a,m™ 2,19 ?.00

JICY SPIN=S 2,0 149,25 2R.71 54,072

LIC2 RymT, 0.2 n.”? n.ng n, 17

JC? SPIN=S 99.97 153,71 11,121 672,17

muIvY FUEL n,04 7.n° 1.7 .97

TRIVT SPIV-S Q. 7e 112,42 52,17 2N, 74

TrIU? TURL 2,78 4,873 2.07 N.°3

TR 3PIN-S 11,97 AURCI R 111,27 N1

mrreR FUEL 7,71 N,.N5 7.79 n,nn"

eI 8SPIMN- °1,19 119,74 £N,R9 27.54

PUTL TOTRIIT ? 11,00 13,57 g.10 2.71
RITRM SPIN- 57,51 R7.67 RT7,A7 n, 1
PRE-"RIN TITAR ORRIT

RA 3145.9 AR 3NRe 7 DL

re 2934,R 2844 4 2R LA 3.1

necTi 0.0512 N.AR27T n.,n3971 D.NN04

A0P 1A, 47 TAY, R 121,77 N.14

ICLIv 115.50 118,52 115,23 n.n2

AN =T7A,02 -74,54 -74,75 n,19

TRUZ : - .Rk9 -2.72 ~7.24 1,18
DTEQ TINE 109,85 109, 8% 113,175 0.n0 -

NO IO NETRE, W rf“"D‘IIL\Z\"L“)

72



) Ssction T
MIDCOURSE VERIFICATION MODE

This mode is a complete numerical integration of the midcourse correction.
The state is propagated from anchor vector epoch to the desired midcourse
execution time, then the midcourse motor burn is simulated.and the state
propagated to closest approach to the Moon, This mode also presents an

extensive tracking station summary and a history of the midcourse burn.

The veiocity away from each of the visible tracking stations is computed

during the midcours.e motor burn in subroutine DOPLER. This data could be
compared to real-time telemetry data to determine if a non-nominal burn is
taking place. Any of the trajectory propagation techniques except the averaging

and muliiconic techniques may be used.

"This mode has the capability of obtaining the initial spacecraft state from a
previous midcourse analysis. This option is specified by setting the KREAD flag
to the desired midcourse correction number, If this option is not used, the

initial state, midcourse execution time, burn time, and attitude must be input.
Table 7.1 presents the inputs to run this mode plus their preset values.

A sample of this mode is shown in Figure 7,1, The first part of this figure
presents the input data. This consists of the initial date in locations 50-55 and
KREAD set to 1, This means that the initial state will be obtained from the first

midcourse firing time.

The MAESTRO output consists of three parts. The first part is the input data.

The input array is listed after the input cards and includes the preset values,

The second part presents histories of the thrust,weight, and velocity away from the
visible tracking stations while the midcourse motor is burning, The third part

of the program output is a summary of the midcourse correction maneuver,
Pertinent information is presented about the midcourse maneuver, tracking stations,

and the state at closest approach to the Moon after the maneuver is applied.
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Table 7.1

Midcourse Verification Analysis *

MODE =5
INITIALIZED
LOCATION VALUE DESCRIPTION
20-25 - launch epoch
**30-35, 1057 - initial state
or 40-45

47, 48 spacecraft attitude (used when 1057 # 0)

**50-5H5 - state epoch

200-379 midcourse motor in engine 1

380 - ignition time when 1657 =0

408 4,0095D8 Telemetry carrier frequenecy # 1

402 4.0D8 Telemetry carrier frequency # 2

410-419 - observation site longitudes

476 - midcourse burntime when 1057=0

480-489 - observation site latitudes

**1036 - trajectory propagator

1045 1 doppler analysis flag

1076 — Element set number when initial state
from GTDS program .

1087 - Element set number when attitude input
from ADP

1088 12 unit number of 1087 read

1089 1234567 satellite ID number |

1090 - director’s write

1092 - Element set number when state transfered
to GTDS
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OAIDCOUTRSE

INPUT CARDS

TLGUPHE

VERIFICATICON

.20 6. 21 30,
23 15, 24 1,
50 4. 51 10,
53 15, 54 14,
1057 1., 1044 5,
JAARSTRO QUTPUT
DATA CARDSG FOR CASEHE 2
20 2.6000000000 01 21
23 f,153000000D 02 24
50 N,600000000D 01 51
53 0,1500939000n 02 54
1957 1,1020300000 01 1044
LUNAR FIELD, WMOD= 0  MMOD= 0

INITIAT, JULIAN DETE

IAPUT COMION

A
o
21
24
38
A7
A5
48
37
55
nz
105
1132
115
118
121
27
174
13n
197
272
250
280
322
350
IAN
191
384
2na

0,540003009n 06
0,100000000n-10
N,1000030300™ 02
N,100000000n 01
N,333392000%0 07

CRL2RGAD[590Nn D4
—3.2837267000 01
=3,149544276D 00

0,1973200000 04
0,4326800000 Q2
9.358<073200D 06
1,37312=9300 37
0,232921500n 04
N.A008530000 04
N,254540020n 05
1,705000700 04
0,702Qe30000n-04
DL,3G00230000D 04
3.37000080000 07
0,A700300000-04
h.233000900N0 05
7.533784000D 02

=0 ,2.72500000Nn 04

0.2000900920D 05
0.2404000000=01
D.352230000" 01
8.100093000n0 21
7.1020922000n0 21
N,12505%0307 N9

5

0

22

2R

AN

413

a6

50

573
130
193
199
113
118
119
122
121
171
18)
lo99
2721
261
221
321
351
nl
332
385
409

7.1

S22
.25
52

55

1.1250000000D
N.100000000N
0.1990903090
G,1A0000000D
0.500000020D

a2
o1
az
02
nl

244131344 ,1352

0.1a90009030 013
010000017001 2]

N.1372N0000n )A
1,275000000
D,105103130n 04

=A,103A1R5800 N7

N,43 8427521 05
8,F010900090 N
N.1590000900 92
N,2152552300Nn 01
N ,ATGIRRIRNN A5
N.1I7154500 172
A.ET253IR00N A
N0,7142200000 05
N,24027N1090 0§
1,1738700090 04

N, Y752549000-07

0.,18000097010 05
N.1200000010 N4
0.2100000000 00
0.197030000n0 02
f,266°092000N0 42

~0,97850000G9N N4

0.130700009D 02
n.120200000N0-01
0.73[%37900090 N1
0.1a00900000 21
0,1INNNaN%000n 21
N,.A490330200n N
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AVALYSIS ST

FPLE CASE
1473,
1,25
19713,
43,268
22 9.,1973971700D 04
25 0,3725009000D D1
59 N,187399001D 04
55 n,472223070N00n 02
S
A N,.108000000D 07
20 0.€39900000N 01
21 0,1500000990 09
37 N,4104412570 NS
A1 nN_ 532994001 N2
A4 0,.7120719290 01
A7 ,1Aa2A5T7an N7
51 n,1nnandnnan 0o
g4 0.1400009000 072
101 N, 2748354990 05
N4 A 12671AR1AD 09
110 N, 2402777900 94
114 N, 83273785030 NA
117 N R7R059009D 08
120 N,534529009D NA
126 N ,723212351n-014
124 0 ,P6A1A0950N=05
177 0,1040090990 20
1e 0,13133020%0N 05
297 1.99N930700n 03
272 0,2000009900 09
267 0,266997000D 02
221 0.000000099ND 03
2 0,7903099000 07
B2 N,.1902909090-01
330 N,1991%00090n0 21
283 n,1an099n000n 21
407 A,£°a9000090 A9
A1 A,2235279630 0N



AL N, 8235508507280 00 A2 N,139473519n 01 A1 NP5 72041 00
ala n,27M981Ca9 N 415 N,49TIAGTIN Y AT4 N_AGADNIIRENY N]
417 n,5048e231°9 N1 429 1,7232909390 N4 A2 A,.1155500 0 A2
422 H.3960002000 26 423 N,62010190490n N0 437 D,.1354900091 05
434 0, 72000000800 34 435 N.79700171290D N0 474 N,20999%000-01
437 9,700000000n=-01 438 1,30000040%00n=03 A39 n,?5000N00901 05
AAD N1,259233000Nn N6 241 0,2269900700 N3 44D N,7825090900 N7
447 0.795792000n 02 AAA 1.2833200909N0 24 445 N,131421760 N1
246 0,116500000n 03  Aa7 1.630000099D 04 448 n.599009n00n N4
450 n.100000000N 21 450 1.1]00000090 N5 470 N.F008029000D N
A7 1.167830000Nn 90 472 0.204009009n 02 A73 N,1232377909n 02
474 n0.500000000D D1 A75 N.203900090n 02 478 0.7271000000 04
479 1.300000000D-03 280 ~-0.4401741310 01 431 =0,2370877349°n N9
492 =0,432101757n 00 A83 -0,8125R4479N Q0 A34 0.11317328000 NY
185 A.AILI0A35RD 00 486 N.677369071Nn 00 427 =0, 57553]-97n N0
AS0 0.100003000n 02 491 n. 1370000090 02 492 1.1000000000 92
497 0,100030000Nn-03 494 0,1n0020200n-02  A95 1.23009009000=-01
196 0.500000000D 01 497 7.200000000D 00 5071 0,.R/1R000N0INTDY NA
502 N.325000000n 06 503 N1.5650000000 N5 504 N.482M008090D 02
505 0.540000000D 09 506 N.5100000901 92 507 7,88020N100N 08
508 N.337000000Nn 08 509 1,199000000n 11 570 1,117%0000100 N6
003 2,200000000n 01 10310 0.1729000300n Ny 101y 1,72000040N09n 0
1014 0., 2000300000 01 1015 0.300000000D 21 1017 0.5000099100 01
101a 0,1000000000 01 1119 0.103930080Nn 03 105723 N.100009909N0 07
1031 1,110000000D 02 1032 N,2000000090 0 1035 2.771099001%990 1]
1237 n,4000909190N 91 10139 n.2N000N0000N 03 1040 n.,7200n90309n 072
141 0.100000000D 02 1042 0,15000N0903n0 02 1043 A,.21009709010 072
1042 0.500000300N0 31 1745 N,1000N0N03090 031 1048 N.100%900%01 0]
1951 0.503000300% 01 1057 0.,2007200000N N1 1187 0.5090000000 N2
1054 1.177000030n 02 15955 2.1000000001 91 1157 n. 10099050090 91
1160 N.100000000D 01 106 N.1100900000 92 10A? 0.200100900D 01,
196173 n.200000000n 21 1064 0.,150000009D 93 11F5 0.199000000D 0°
1066 7.100000000n0 0 1067 1.100090099n N2 1N§Q 1.6000300000D N1
1069 0.320010000ND 0L 107N N,3530000990 02 1071 N.20NNNANH9D 0]
1975 7.500000000n 21 1077 0H,2000000090 01 1993 n.110099000M1 N2
1988 9.,120000000n 02 1099 ,123456700N N7 '
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REAT, TIME THRUSTIMNG INFORMATION

MMCHOR VECTOR EPGCH
15 ., HRS 14,MINS 42,26R355C
IGWINION TIME = 2.N0HRS

TIMM  THRPUST WEIGHT VELOCITY AWAYV FROM TRACKING STATINN
(MIN) (uEWTON)  (KG) JOBURG TANANARI  CARMARVN
0.17 53,09 333,15  4,04904  4,09396 4.07335
0.33 52,79 332,91  A,04523 A4,098532  4,170R6
0,50 52.49 332,67  4,0A143  A,0814A9 A,NGT07
N.67 52.19 332,44  4,03765 A,07809 4,16530
N.83 51.90 332,20  4.03388  4,77447 A, NR7A3
1.00 51,60 331,97  4,03%012  4,07088  4,15997
1.17 51,30 331,74 A, 02538 4,9G673D A,Nn5731
1.33 51,01 331,51 4,022A5  A.N5373 A N54R7
1.50 50,71 331,28  4,01%33 4,96018  4,1n52073
1.67 50,41 1331,05  4,01523  4,05667  4,74940
1.83 50.12 330,83 - 4,01153  2,05310 A4,01678
2,00 49,82 330,60  A4.,100785  4.0495°2 4,n4415
2,17 49,52 330,38  4,00418  4,02637 4,04155
2.33 49,23 330,18  4,00052 4,04258  A4.07395

2.50 48,93 329,93 3.996139 A.N2909 A.NEG
2,67 A8.63 329,71 3,09326  A.N35%67 A,N2377
2,83 48,34 320,50 3.920R4 4,07216 4,011720
3,00 482,04 320,28  3,9°F03  A4,02872 A4,N2862
3,07 47,74 329,06 3,97244  A_N25%8  A4,172607
3,33 47.45 228,85  3.978%45  4,07°136  4,07235]
3,50 47,1% 329,64 3,27330 A.01245  A,.07°007
3.67 46.35 228,42 3,97174 4,07595 4,n01943
3.83 46,56 328,21 3,96820  4.01166 2,01590
4,00 AR,26 328,01 2.96467  4,0017329 £,11338
4,17 45,96 327,80 3.96116  A,004082  4,01N94
4,33 45,67 327,59 2,.95765  4,0157  A4,00833A
4,50 45,37 327,39 3.05416 7.09323 A.11589¢
2,67 45,02 327,18  3,95062  2,99491  £4,00337
4,93 44,7% 124,99 3.04722 2,99159 A,000909
5,00 44,48 326,78  3,24377 3,29370 2,09042
5,09 44,32 324,67  3.941%9 2,096 49 2,097n07
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MIDCATNET VERITICATION MODE

AICHOR VIcTon ©POrH
6./10, 71873,
15.HR 14,001 A43,2R28T0

MIDCOURSE CORRECTION SUMIARY

mIMT HAGNITUDE RiY. ASC, DR, L R puwrr wIrLiT
(HR) (:1/SEC) NGRS (Dnn) {(X7?) (1)
2.00 45,13 14,22 26,20 f.72 5.09)
ATTITUDE  ATTITUDE  SPIN AVIS
JRMEDVER FURL SUM ANGTLE
{NES) (K3) (nme)
143,97 148,870 57,69

TRACKIVIC STATION SIAAPY

STATION LOCAL, TIMNE BILLVATTON AZTITITH

(H=S) ANGTE, ANOTE
(PDEC) (N
JOHAESBITRG 18.02 4,21 92,04
TATANARIVE 20.02 73.79 155,51
CARTARVON 0.n2 25,76 -106,92
ORRORAT, 2.02 ~1,57 =116.39
FATRBANKS 7,07 ~56,10 ~27.05
GRERNBELT 11.02 -52,N4 29,71
SINTIAGO 12,02 ~13,49 130,24
HND CONDITIONG AT (QLOSEST APPROAACH MO MOON
TINE RADIUS INCLIY o
{HR} (KM) {(D™3) (K2 /5207)
110,01 2823.57 115,13 N.,F169

NO [IORE DATA, RUMN TEIMMINATED
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Section §
ORFIT LIFETIME MODE

This mode is used to integrate the spacecraft while in orbit about the target
planet, There are no special analysis techniques associated with this mode, The
MAESTRO trajectory propagation mode is used with this mode. The orbit lifetime
was included as a separate mode because many of the trajectory propagation inputs
that are preset for the trajectory propagation mode must be modified for the orbit
lifetime mode. The trajectory propagation inputs modified for this mode are

shown in Table 8,1

This mode is preset to fly the lunar orbit using the averaging technique. Thus,
the compute interval and print table are set to appropriately large values (two
days). If the user changes the trajectory propagator to a scheme other than the
averaging, he must also change the compute interval, The multiconic method

should not be used with this mode,

A sample of this mode is presented in Figure 8,1, The inputs used in this run

were the orbital elements in locations 30-35 and the initial date in locations 50-55.
The flight time was set to 20 days for thié run, Normally it is 200 days. The
shadow flag in 1049 and the flag in location 1018 to determine averaged elements
from input osculating elements are set, The output first consists of listings of

the input cards array and the entire input with the preset values. The trajectory
output shown is obtained from the auxiliary output unit, The KOUT9 flag in

location 1058 is preset to 9; thus, the output is obtained from the output unit nine,
This output is much more condensed and easier to read for a lifetime case than the
normal unii: 8 output, The unit 6 output is not lost and is available if desired. The
output in the condensed form is labeled. The only output which might cause confusion
is FRAME, In this column two integer values are printed, The first integer corres;-
ponds to the planet number while the second integer defines the coordinate system. The
coordinate system number corresponds to the definition in locations 1039 and 1040,
The output times shown in unit 9 are shifted from the values in the print table

because the averaged element start-up procedure was used.
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INITIATIZED
LOCATION VALUE
4 . 1728D8
30-35
or -
40-45
50-55 -
170 1.ba20
180 .1728D6
450 1,D20
460 . 1728D6
1015 o1
1018 0
1019 4
1029 1
1030 1
1032 0
1035 1
1036 8
1039 5
1040 2
1044 -
1058 9
1068 6
1069 3
1098 0

Table 8,1
Lunar Lifetime Mode *
MODE =8

DESCRIPTION

Final time
initial state

Initial date

First switching time
First compute time
Switching time for printing
Printing interval

Launch planet

Earth oblateness flag
Input coordinate system
Lunar oblateness flag
Cutput frequency flag
Closest approach test flag

Lunar gravity model

Trajectory propagator scheme

Earth output coordinate system

Moon output system

Mode flag set to 6

Auxiliary output unit number

Number of ordinates per interval in Quadrature integration

Number of intervals in the Gaussian Quadrature integration

Flag to obtain average elements from osculating elements,

* Inputs to trajectory propagator also set, however

many locations are modified
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PICURT 2,1

ORBIT LITDTINY, Sp:PIn CASE

IHNPTTT CARDS

30
33

2339,
95-

1042 6,

52
55
1889

oP

1973,
43,
1

HAESTRO oUmPITL

DATA Ch
n
33
1044
52
55
1099
LUNAR F

IHITIAL,

A
8
24
31
35

4F -
5N
53
100
107
109
113
116
119
122
128
18N
201
222
2R72
321
332
352
330
333
407
410
413
416
A2
432
43¢

ENS FOR CARE 1
n,223200000n 04
0.,9500000000 02
D.40500000030 01
0.,1973500000 04
N.,4300000000 02
0.100000000D 91,

31
34
50
53

4

31
¥
50
53
4
0

IELD, NHOD= 3 HODh=

004 32
116, : 15
6. : ©51
15, 54
L1728 B 07 1040

N.A90000009H=-n 10
1.1150000007n O3
N,&00300000D0 O
n,150000000D 07
N.,1728002001 07
0,0
3

JULIAN DATFE 24412244,1352
INPUT FOMMON

0,1723000000 07
n,100000000n=-10
N,140000000ND 02
N,A00000000Nn=-07

-0,630000000D 02
N.,A4132413525 05
N.ENAN00000Nn 01
N, 15010000000 02
N,216855200n0 01
nN,429155150N 05
N,132715450n0 12
0.6093362600N 04
n,714220000D N5
0,249232070n 05
n4,1738000000 04
N,175954900n=073
n,1779000000 06
n.,a0na00000n 03
0.,200000009D 02
N.266292000D 02
1,3000020000 013
n,200000000D 02
0,120290000D-01
N,100000000n 21
n,100009000D 21
0,623000000n 00
nN,.43352372630 00
N,25997234110 51
D.AYA202285n 01
N,11r59000000 03
0.,1356000000 05
nN.2000000000=-01

5
10
25
33
27
A7
51
54

101

194

110

114

117

120

125

134

197

202

260

san

322

250

60

391

324

403

A11

414

417

422

434

437

0,1000009000 07,
n,1a0939n0n0n 21
., 40000000D 02
0.257000000D 02
N,418441352D 05
N,1112742210 02
N.100a0001%071 N2
N,140000000R 02
N,32483[54000 N&
N.,124710600D 09
0.490277790N0 DA
0,6378165020 N4
N.5750600000 0=
N.5345000001 04
0.7292123611-04
N,2AR149950N=05
0,A70000000D-04
0.200000000D 05
N,5337040001 02
-0,979500000D 04
N.200020000n ns
0.2404000001=01
0,353230900D 01
0,1000000000 21
7.,1000009900 27
0.134990209n 09
0.92755060%an0 N0
0,37M261090D 01
A,504202108n 01
0,294000000D 15
5.7200900000 04
N, 7000900000-01
81

0.0
-61-
.
."_"!n
2.

12
e
51
54
1149

“
23
an
24
9
19
52
55

1192
105
112
115
118
1
127
170
199
271
241
201
221
351
361
302
335
Ang
112
415
A0
423
235
429

0.0

=7 ,6710090000 22
n,100090000N0 02
0,140009000N N2
Q.290007%0000 O

0.1

0.,100000090D 07
0.,1500709000N0 07
0.223129N0009N0 N4
7.11690100000 02
n,2233900990 023
2,12410024232n 09
0,177310109D 04
2,43000000201n N7
09,1000 29091 NR
0,17919259%00 nNa
N,.737292160910 N4
1.,34319520001 0A
0,.7254840099N 05
N;7NENNNBN0ON N5
nN,702823000n=n4
N,100000000N 21
N.210009990n no
n,190000090D 02
N.766832000N0 0P
=N DTRG0 04
n,190aN9009D 072
B.120200000T=01
2,571200000n 01
D.1970005009Nn 21
2,120000700n0 21
0.400030000M 09
N,127472511n 01
N,A93£72441D O
N,7°2a900009n NaA
7.62292220207 20
N,7400520000 NN
0,300000000D-03



430 0,36500000001 05 440 A, 5502000090 96 44T N 3940HN90AR

442 0,292500000D 02 243 A_7A5727900M 95 AAZ AL AA30a000AD

445 N 13IA3RITEN 01 A46 N,11A4530090N 03 447 AL_EAAAAAINNAD

428 nNL,&a0N09220000 N4 ARD N,190000919n 21 ARD N,1722799000M

470 ALAN0000900n 01 471 0,187290000D A0 4TS 4100000091

473 N,17217770000 02 474 4,5009009000 A1 4TS A.~1997214099n

478 0,.7220000000 04 479 0 _300000000N<02 490 0. AABT7ATATN

ARY ~0.329973492N0 00 A82 =N, 4321717870 N4 A8 N GI0E0AATAR

AP2 0 ,1121285090 0L 485 A, €11105755 N0 APE A _g973RALT1N

427 —1,57553°792n 00 499 1,1957190970n N2 qa0 2.,1090n0000n

492 0,190000000N 42 497 N ,199000090=—N A0 A_1M10090°990

495 0,293000009D-01 496 H,50097900901 AT 497 n.23109079909

501 0.RIRO000N0N 06 502 0,A75000000™ AR 502 A 84500094900

504 N,430009000% 0® 505  N,540200000D A2 306 A .K10105040N

597 0,3R00900000 N2 598 N,320997000010 02 509 A.1a001199AD

510 0,110009000D 06 1003 4,2000900090 01 1010 0.100910200p

1011 0,200000090n 01 3014 0,33090000090 21 1115 9.119190990 1
1217 A,R10000000M 01 1019 0, 4000009097 11 1093 4. 1149004900 n
1029 0,1190020000 07 1930 0,190%900000 91 1931 A4.110120919n
10137 4,193000070™ 01 1035 0,1979999991 A1 1034 4.9a10009001
1039 0,5900009900 01 1040 A,2000902000 471 1141 1.111191999 0
1042 N,1500300000 02 1943 4,.2100009900 49 1944 A.599991979N
1048 2,1000002000 01 1049 0_2029290700 AT 1951 0. 140nA1999N
1952 0,2900009900 03 1053 A_5900399900 92 1954 0.1780990A9
1355  1,1000900000 01 1052 0,90090091990 01 1940 9.140041900 0
1367 9,110000099™ 02 1052 0,2099909997 N1 ING2 ALIAAAAANAR
1064 9,190000090D 01 1065 0,100000909R 05 1946 1.109949300n
1067 0,190000000D 01 1068 0.600200999D 01 INAR AL 2909410000
1070 0,850000000D 02 1071 0,600000000D 01 1075  0.A00009999D
1923 12,1100040000 02 1073 0,120790099D 02 1089 0. 192455700n
1092 0,100900000n 91 ) T
PAE-B LITIAR OBRIT TIMF HISTORY
TITTIAL JULIAN NATE = 2441244,7135
TRATEQTORY PROPACATOP = 7
ORDINATES = &  THTERVALS =
COMPUTE INTEPVAL = 2,000NAYS
TIME St ECCEN TRUR AQOD YOI LAN  TRAIE
RESTART WITH AVERAGHD ELDUENTS AT T = £784,4 SEr,

2938,3 0,0040°7 =179,635  71.433 128,762 =59 ,743 MDA OF 50
N.0% 2232,3 0,N04087 ~179,.635 24,515 1]5,997 ~fA,071 11 2
2,02 2019,2 N,00%242 65,247 34,773 115,335 =90,032 11 2
A,08  2939,.3 10 ,004197 q,417 TRL,A25 0 1IA,.0P6 =116,.049 011 2
6.00 2238,2 0,004762 =91,071  £7,0A43 116,109 149 113 11 2
2,0° 2932,3 n,004909 =169,022  £1,992 116,335 =15°,743 11 2

17.0°  2238,1 0004400 98,088  £0.097 116,232 145,505 11 2

12.08 2238,2 0,004336 -3.902  &6,N8%  316_143 120 483 11 2

14,00 2932,3 n,904432 =110,200 74,820 115,003 112,291 11 2

16,00 2032,3 9,004292 146,152  ©5,362 115,275 Q7,294 11 2

18,09 2m2e_ 2 A _An4224 AV, AT ag <727 115 959 S 22 11 2

20,00 2739,4 0,004054 114,797 117,923 11£,155 25,790 11 9
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. Section 9
POST-INJECTION TRIM MODE

This mode is used to determine the trim maneuvers required to adjust the post-
retro orbit to the desired quantities. The desired orbit is defined as a circular
orbit of the radius input in location 444 and inclination with respect to the
eqguator input in location 446, This mode presents iwo different trim maneuvers.
The first is a two-impulse plane change maneuver determined from a method
developed by Fl.'-T ," SUN. This method is described in reference 1, The second
maneuver shown is -a two-impulse Hobhmann transfer maneuver, This maneuver

corrects only the radius and eccentricity. The inclination is not changed,

To use this mode, the initial spacecraft state is input in the normal manner, the
final orbit conditions in locations 444 and 446,and the MODE flag set to seven.

The input in location 449 is useﬂ to control the analysis to some extent. If the
difference between the inclination of the pre-trim orbit and the desired orbit is

less than the value loaded in 449, the plane change maneuver will not be determined,

There are no other special inputs for this mode.

The output of this mode is shown in TFigure 9,1, The first part of this figure

is the input data cards. The second part is the program output, The analysis
appears after the input array. This output presents a description of the initial,
transfer, and final orbits in the target planets equator and prime meridian, The
second part describes the trim impulses. The attitude of the maneuver is in
the Earth mean equator and the ecliptic of 1950, The times are shown assuming
the impulses are performed at the earliest pbssible times. In actuality, the
maneuver can be applied at the indicated time plus any integer times the orbit

period. These times are relative fo launch epoch.

The same output is presented for the Hohmann transfer maneuver, The post-

trim state is presented in the Earth mean equinox and equator of 1950,
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The precise post-injection trim maneuver is determined by the targeting portion
of the post-injection trim analjrsis. This analysis uses the midcourse logic to
determine the trim motor's firing time, attitude, and burntime which will result
in some desired post-trim orbit. The desired end conditions could be obtained
from the post-injection trim analysis discussed above. The midcourse logic
uses secant partials to determine the motor's attitude and burntime at some fixed
ignition time. However, the analysis automatically scans through a range of
ignition times so that the characteristics as a function of ignition time can be

readily accessed,

To use this mode, the MODE flag is set to seven and the targeting flag in location
1091 is settol. The flags pertaining to the midcourse analysis are not automatically
set, thus the user should exercise some care when using this mode. Table 9.1
describes the inputs required to run this analysis. The orbital elements at the
final time defined hy location 4 are the dependent variables used in the iteration
scheme. If the final time is input zero or less than the requiréd motor burntime,
the final time is automatically set to the burnout time. A finite burn of the motor
(location 1071) will initiate a two-step iteration process. The first step determines
the burntime using the impulsive velocity approximation. The impulsive velocity
approximation is used as a first guess in the finite burn step except that the ignition
time is decreased by half the burn time so that the motor burn is centered about

the desired ignition time.

A sample of this mode is shown in Figure 9.2. The inputs indicate that three
firings are desired beginning at 2735. 8 seconds, spaced at 10 minute intervals,
The final time is input zero to indicate that the elements at burnout are the
dependent variables. The desired end conditions are input in locations 420 - 422
and the tolerances on those elements input in locations 490 - 492, A finite burn

using Cowell's method is indicated through the flag in location 1071.
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The MAESTRO output is shown in the second part of the figure. The post-
injection targeting appears after the input couimon listing. The output presents
the motor firing conditions as a funetion of ignition time. A second block
presents the post-firing orbital elements. A solution for the second firing time
is not attempted because the radius at the desired ignition time did not fall.

between the apo-apsis or peri-apsis defined by the desired orbit.
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Table 9.1

Post-Injection Trim Targeting

MODE =17
INITIALIZED
LOCATION VALUE DESCRIPTION
4 540000, Initial time. Should reset to zero.
20-25 - liftoff epoch
ig:zg - initial state
50-55 - State epoch |
410-419 - observation site longitude
420 - desired semi-major axis
421 - desired inclination
422 - desired eccentricity
434 7200 Increment in execution time.
478 7200 First execution time. Should reset.
490 10, Tolerance on semi-major axis.
491 10. Tolerance on eccentricity. Should reset to small number.
492 10, Tolerance on inclination. Should reset smaller.
1015 3 Launch planet. Should reset to 11,
1019 1 ‘ Input coordinate system
1030 0 ‘ Output frequency flag. Set to -1.
1044 - Meode set to 7.
1051 10 Number of execution times.
1063 1 Targeting law set to 2,
1064 1 Number of times to recompute partials, Should be set to 10.
1066 0 Pre-targeting flag should be set to zero.
1071 0 Trajectory propagator used when burning motor. Do not use 6.
1075 6 Propagator used to generate partials, Do not use 6.
1091 0 Targeting flag set to 1.
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